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1. «2*3j;0'M3Wite^^>?>fig5. ^J'-hite^ 
is 

-i-i>i.mt. 

fc, s(ris^i<^mi?fsa^ti^-tt-ii4*^e>fig5^2om 
i?f^a® , flijiEig 2 coTgi5ite^)K*3 J: tj«m 2 omiasfss 



(2) 1*118 2001-156188 

2 

mmis^xjfm i <r>mmwmB<r>±mzRm^iritm i ^ 

izs.m^tiitm2<D±^t&mm. nim2(r>±^i^m± 
tc:g£g$ixfc^2(Dy- hm<s. tt:m-ri>m^i±^^m 

{to 

20 igkMt. 

SiJtA^lC, ai2*3J:t/|g3 0iteigt]K*«gJ!>C3^fig-rSia 
40 XSi:, 

tlilE^- h «S«}fietti|s|-. SfrlES^ 3 n^mmis J: tJ«B 2 

mmii3j:xfm2(7)y- \^mmnm:f3cr>m2<Di^mm<r> 

50 ¥#{*:|E«^BroS?it*i^,- 



3 

mm 3 (Di&^^(o±mm i <^y- bmmmi^um^m 

[Si** 1 1 1 ^m^mm.<n^m±.v:jSLm.^ixit.eM 
5xmt, 

l^(aa?«r-^tPHfllH¥^#<*S;Kro±ffi-hlc, mi, m 2*3 

mi.m2<n>im^nym^wsi.m\z.^=k\^. ^^^-km^ 

i-5XSi:. 

li3J;t/IB2<0ifftSK;4»e>fig5, hlteigaSi:, 

Sim 1 mit^m 2 co«&igaBi<^iai^£s$n^s^^ai€ 
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4 

SXSt, 

fiKi-sx-at, 

^m 1 i75*fe^^, mi^sa^^BKtt-^sf *j j; t;?^ 3 n^m. 

1. m2i3xtj^m3<oimmi)^f>is.i. y-h«&skp 
«xat. 

J:t/m3<D«feigtMS:«l»cJgfiKL, K» 1 , m2*5j:t;!m 

30 -rsxmtx 

fig-t-SXSt. 

mm 1 mi$S9iJi«^iisi-jb- xxima nt/m 

50 [g»*«19l i»i#*t:S«W±ffiJilc, BDIfBSrJgfiK-r 



(4) 

5 

xnm3(Di&mm^mik^f^L. mm is m2^xx/m 

i-^jcut. Id 

[if 2 0 ] *»(*:SSO±ffiJL{w. mU^l^^-r 

lO 0 0 1 1 
[0 0 0 2] 

[«e*(Dg^tff] fi§3l5<^)EE PROM (Electrically Era 

sable and Programmable Read Only Memory) ^CD^S 40 
%tt;^^yT*Ji. lo<DiryHcS>i-5 2o(DU#v^fii:Sr 

S:loO'fe/^^c:|Btit•t-6S^R;^)5|i3g$^^TV^-5 (M. Bau 

er et al.. ISSCC95, p. 132) o r<73fttlf4:|| 
KJcittig^-f L tee* t |S]^(7)tt|gSr#-5 C <!: IS-e t 50 
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6 

«frfclC:|i^$tlTV^2) (B. Eitan et al, 1EDM96, pl6 
9. Fig6) „ ^fc. -etLjdSMf^^-fevi'Wigi: UX*:^M 

i)^^&.m\z.mm^rix\^^^ i^mmnm^-m^ s s 1 1 o 
8^) . L*>L. ^tibir/umm(ommx,mn0m\::.m 

[0 0 0 31 — p^^ov-j^T^i^ • • 

:/±\zmm.'th!i^^m^m^^x\^^^. eepro 

■rSVL S I 0^3♦t;5S^liLTV^-5o 54^(7) 

5/ It it ^ V ^ O fc#^^|Cm^/^ 3 IkTtmm tfjl^X^X 

^ iXiJ^RAM^iSSLJ: p ^<D?^^])^jvm 

t CO o T L * 5 « 
[0 0 0 4] ^i5f>5^— hS<^^»^P<^y<0^^y -fe/l^ 

fllig^^VNTy-1'-:f-^ RAMO;?<^y-fey^>lrl|^t" 
^co^ii'fb^nfcT'-^eyir/PT'Ji^-Y*:^-^ iy^RA 
[0 0 0 5] 

[0 0 0 6] ;*:^P^(7)fdloe»H. fi!m/.caSit>^n-fe;^ 
[0 0 0 7] *:^?«(^$ibl-fife<^@«J«. ffl^/^-feyHH 

[0 0 0 8] *^pjo$p3icte(o@w*i. ffi*/iajig>^ 

[0 0 0 9] 



7 

[0 0 10] *%?^(^^2<DiRfmH, 

±i::E@$nfc. mi. m^.is^xj-mztDm.m.mt^hfSL lo 
[0 0 11] *:3SM<oii3ro#m»i, ^m^im^mms. 

% 1 roTSI5ite^K<0Sgg|5OJb^lc:ieS^Fixfc^ l nmM 20 
i . %\<n^ fSiVkmmii J: t/^ l (DW^^i^m CO 

m2(7>mmwmm<r>±tfi\:iss.m.^tiit. mi<r3±^mm 30 
mi:m-iim^ib^zm2(o±^]&ms^t. m2n±^ 

10 0 12] *:«?^«»4«#®H, ^»^tt¥-3l«J|E 
w±E±lc:iEB^^^/cf^l<oT^fR^feigt^t, mi<r)T^ 

-hgnidges^ixfcm 1 <^±mmmt. w, i ©j^guiteigt 
It. mi <o^^wmm t ^-um^b^i>m 2 (om^w 

^2 0S1«r«aS-t{::EBSttfc»2«^JigBlte 

mi^t. m2(D±^mmm±\zs!.m.^*iitm2<Dy-b 

(0 013] 3|c»WroSB5 0iRF^«:, if£#tt:S«cD±ffi 
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tfjjt^f*:S«(D±ffi±lc:gBg$ixfc, Ml, m2jsJ:Xf 

i|ia|fl£|EtSiSB-efe 5 C t T-fe 5, 

[0 0 14] :^^m(r>me(DWi!At±. ^mi^S^(r>^m 

J6aM;6>e>fi£?). y-htemJEt, ^i*3J:05||2»ite 

[0 0 15] :^^m(Dm 7 cowmt. ^^m^^mm.<D±m 

igBffcSCt-CfcS., 
[0 0 16] 

^tcnmm<r>^^iznm-^titimisL<r>n^-^nLx\,-^ 

[0017] 1 <Dmm<r>mmd m 1 ^^^(om 
1 <oiiifiojgSic:^S'F»^i4¥^«{*> ^ y (o^ ^- y -fe 

OS t-7Vv';^^T-1SfiK^ix5„ 1 roHSSro 

tt, pS!i|i^(*:S«lW^ffil::'y-h!»!gk^2S:^hU-C 

mia-tm^W9M4 (4a, 4b) /iS^ftPjixS, c« 
4 ISSSItit SrW L,T43 1) , lg 1 i 

itms. m2mimitm6. m3mim2istitm7x-m 

-f-QiTSTgpropSil^^^flsSffil icH, ^•^4=-'V«13clc: 
S5-f5<S^M!feigS<Z)n-Sia:»:ei Ot, cron-® 
l£gic^ 1 0ro^fi!Jlc:ffiB-r.5iii=F*6itefia(On 

jil i*!K:»te>n6. Miy-hmsis. m^fsas 

4, May- Kmil8 JaJ:t5n+®t£tfcS 1 i ^-ix^'ix 
OSffilctt^mSl 2;iSi9:»tf>ii5, Miy-hmSa 
i:M2y- Hg8i8«rco^'B;S 1 2&ii-l.xmfS.6^\z 



9 

[0018] :^^m(om 1 <r>mm(nmm\z.^^^m^^ 

S<^n+M&tfeSl IXmf&LfzLDD (Lightly dope 
d drain) «igS:^LTV>5„ LT. mi^-hmm 

[0 0 19] ^^m<Dmi(7)mm<ojf^m\^^^^^ 

-S^S^tt^^y CD^®|ElT'^5o m2\Z7r:'tXt){Z^ 

;^^])±/u<D^^i2-^mat^ hG tciism/E (-i 
ov) ^mi\\^. mm{^m^^wm't^m^wmm4h 

■^-V^/l^^^'^ (Channel Hot Electron) ^^^^ 

(- — 6v) %:mui.. m^^ti^>w^wmm4h\z]5: 

g^-rS Ki^-ODIc]Em/E (-9V) ^^judl. m^SfS 
a^4 b JwfflffiSn^m-^^^riSai-r^):! ir-eff^iJtt'So 

/^ib\ ^^3](75ilt). MOS Vv^;:<.^coy — >^ S <!: K 

[0 0 2 0] :^mm(r>mi<omm(omm{^^^i>^ 

^**:SffilJilC«iKil:lCj:oX2 Sntncoy- h«&.^K 

VD (Low Pressure Chemical Vapor Deposition) ffild 

J:0 nS^fcllpS^j^ife^ K->^Lyh3 0 0 nmtD# 

s/^i^i/Stffi;icl: Hiy-hmSS 
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[00 2 1] ia6(;i;^-rj:5(;i. y-^mac*5J: 

K i^^ >^i|Jc^?i^^-r6®igct7:) p 1 (Dm 

hJfe^^2^^^L7tS. pSI^#*S«l^ 

9 0 ot:- 1 2 0 0 t:cogsji::#ia^^«X'^.®^ft: i o 

±tc:L PC VDfildJ: t) l O nm— 10 0 nmCOS{k:HI 

10 [0 0 2 2] mc. m7\z7r'rx^\z^ m2mitm7± 

{Ztct^riL PC VDffilCj: 19 2 5 — 2 5 0 n m^S(7) 
^jgavy =»V*:«ffiL^»^ R I E (Reactive Ion E 
tching) mzX^^:^i^=^y^lyi^^m\ C<7)#^S 

'>y=i>^j^. mimitms. mtmei:^xtj^m2mm 

[0 0 2 3] ISl8{;i:^-rJ;5Jc, ^^f^^mm(r> 

n~MfeBJcS 1 O^Jf^^-r-So n-§iteft^ 1 Ofi-Y^ 
20 V^Ag^mic J:»9^iy-h^<l3*5j: t/m^^a^ 4 

J: oX^A b;/5i^jWfe^fl&tt{b-r -6 C t XJK«$ ix-5o 

[00 2 4] igi9(c:^-rj: m,^wmM4<D 

iftiJMlc:i^-r K^>;^->'^:^-<-f-9 ^?i^AKUfc1^> 
i»«St^ n 1 1 ^m^-r^o n +S!te:»S 1 

ll^^;r>'aAfi^*SlcJ:i9^1>5^- hmS3. m^^Sa 
J14 jb^ctU^-t^-Y K[>^— vv-^^— f-9^"^><i?' UTn 
^{^J^i^^aAL. -?:om<^SiM3StcJ:oT^AL^^ 

30 [0 0 2 5]?fe(w. p^^^^ft:^;^! <^^DSt;iCVD& 

StS 1 ^^^^4#K^*x^^S-rs r !9 111 y 

-hm<i3. mmwmm4. m2y- bmm8^xx/n 

hm<ii3 4Bcti/M2y- hmffi8Ji(^fffiiSfe^^m'>y 

me. m2mitm7. m^. mitmetDmmt-^^i^ti 

40 x\^^^!£^^mt)^^^o mm^i 2mi&^. ±'^\^j.^<Dm^ 

[00 2 6] ti:if6^ m^\'t\^t^\^^t^. mi(O^^^J-\2:;V 

aJil^oCMOSffiiitXSSrBSftST. Mcm^ta^nm 
[0 0 2 7] :i^^m<r>^ 1 oSlffioflg^j;! J:ixf^. 

sae4(75jiSfpiwti?2>>'- hmffissrWJtfccox. l 
50 #iHiimiE<^?S'Ji»tt;5Srpi±-*-e,o /.cib\ *«?«<^?mi<?D 



u 

10 0 2 8] 2 (D||j(f£(0?|^^) ^SfeiC, 2 

1 1 h«^,^fll 1 3 <Sr:^ LTf? 2 ^- h 

teii^mi 4;55^Jtbtt^>o ^LT, m2</- hJfeigtflil 
4 <^fW«(C«SWSaJi 4 a . 4 b ;55?I^AB$ix^»o » 2 
hiffe.^J^l 4*5i:t5m^SS^4 a. 4bJilCf^m 

3y-hiffe,^iKi 5^:/M.Ty- hmiS3d5s:*tf>tt 
1 0 <^^^yiwffie-rsii5^iWite«so n 

Jl 1 1 ^n^'n(0^ffilc«#mJl 1 2;is^*tbHSo . 

[0 0 2 9] >^mm<om2<om:m^i^m\z.m^^m^^ 

m) > ^2y-h«&,m^l4 (^r«^g) :Jb^J:t/^3y- 

as 2 y- hteJRiK 1 4 <?)^ia8fuiwns#«as 4 a *5 j: 

t/4 b;55?i^^$^So C0 2O(0mW^ag4 a ib^ctt/ 

4bicm^*sfflu. (1) mmwmm 

4 a. 4 bcov^•ri^t>mT'€rSS[UTv^;^ev^«ffi, 

(2) mMwmm^ ^<r^^t*^'m^^wm\^x\^-^^i^m. 

(3) l;WSSg4 bO;^^;^|SS;^^SSLXV^S«ffi. 

(4) S?»«ag4a. 4b^|;i®^SrSaLTV^Si^ 
ffi. (0 4 00*^^^^ t)4#So w(7:)2o<DmffirSaB4 
a ioX^rjA b lc:^^^$tLyc:a^(?:)#^(c: J:oT^i:S L 

ItitTfim^Sag 4 a . 4 b »i^^^>'l^igc$2SFl5(D± 
4 a . 4 bC0®^(7>^fllt^^|Clfife?? b/jrV^o LAc?!>5o 

r. mw^fli^4a. 4 b(DmT-oj§^s(rj:5i^m^ 

(over-erase) *iKih^ix. J: 19 igtB^{C^2^a-r 
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^ y ^r^mx^t So 1;i?fS^^4 a:JoJ:t/4 b Jl 

CVD&lcj:sm^S^ate;^c7)fSi/^v'y ^:/S^t:MXffi 
'>y ='>^'(bM(Og|tfc6^/^S:|^M^2p{4 
twm^«rS«-rsC<hX. TSBffiSKtolSSiciJKSSrS 
Jtaiv ^m^f*^#tt^#S i: j55X# S ^ X^ So ^ 

siitx^So ^?e>t;i. miy-hteiS^Ki 3. ts3y- 
hife^^i 5^'>y (s i o 2^) «7)2tem 

10 jso^m^^w-rsv-y ^ v^^b^ (s i 3N4fli) x 

^^^-f ixl^. v- y ^-ge^hmtaSm^/!!^ 4 n m- 1 in 

So /c^;tl^'>y =^^^®&{bflIl*^J^dS5 nm(7)i/y =1 
V^ibJ^OHS^iSfl 1 0 nmim,tj:<DX% itt^ h >^ 
/v. (DT) £feAtRje$n/jrv\ U7t;55oX. m^(r>^ 

So 

10 0 3 0] ^^m(r)m2<D'mm<Dwm\^^^^^w^^ 
20 ^^iz|s:p<^y (^)p<^y-tr/i-x(i. - y^m^^ ^rj V 
^ v^iScoWJEfSjjKZ) i wx n ^m^W^m 1 o ^I9:tt. 
LDD«ig^«^UXV^S;ft^ v^-^y^Ku^r 

«^LTt<tv\ m2y- h«&l^j^i 4f^m??f*SS4 

a -4 bra<oy-:^^^i»jh-rs;i^ r-<J:^f^v^y 

im:xmf^'r^:itf)^x^^^ -^tc:. m2>!f- hn&mm 

/i^«c**comwe»«F<4^rRi-bT-#So ifeSKfkM^ 

LX{ifc <b ;tf^ T i02^ Ta205. AI2O5. P 
30 ZT. SBT^^fcSo 

100 3 1] ^mm(om2(Dmm(Dmm\:im^^ 

Ti^p^-rSo mi iji. m^ii^^mrf^^m-r^^m^ 
i^;<^V(Dmmmxh^o mi2n. m^mi^^wLm-r 

S^S%tt;^^y (^^iaElXfeSo 01 1 {;i^-r<t p 
>^y ir/l-0||:#3Z<^B^IC»i. y-hGlCT — SV 

^ (CHE) xm^=-Sr KU"f :^®«ffl!|(?Dm^SaS4 b 

40 icaA-rSo y-:^mi^m<Dm^wm^4 a{:im^i:^ 

f SmJE4:±IE<?5»^^An»;tn»^fii/\ 

y -fe/vcom^ti. 121 1 2ic7n-rj: pci. y-hcic^&m 

EE ( 5V) Sr^jbDL. 7 r 7- • ^ K>'^-f ^ 

(FN) s h v^/wm«fESr*jffl Lxm^sas 4 a . 4 

b;!)>^m^^§l$S< C<i:XfTtpnSo ^/^c. y-hm 
1^3;d5?SISc7»^y irywx^W^nxi/^S^^^icj^i, ^ 
tL(b(7)^^yir/i'7i)*e>(^^;cS;^<Sr§l#fe< vi<ir;65xt 
So y-;^s. Ku>f i^DiipS*^^<*:Sffi 
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nmm,{ii (Floating) ^-rni^. yu^>Dim(omMW 

[0 0 3 21 ;^^y-fe>'KDStj^;9^Jl. ?i^])±/^(om 
hG<h pS^^f^StSlPatCl 0 VSS^fPiJDL. FN 

[0 0 3 3] ^fclE|;a^{lL/^V^;65. ^ ^ y -tr/Vco^;^m 
^«^-r6r ^-Cfft3tl5o S#SS[®4a. 4b<DS 

s«si-J:oT4oo^/^^m«teis#tt*s#p,^x. ^ 

[0 0 3 4] :^^m(Dm2(Dmm<^mm\^^^^^ 
S^tt*^^*^ ^ y coy ^ y ir/v<75>Ka^;^fe^Bl i 3 75 
1 9 ^ffiv^Ti5iP.^-rSo 1 3 ic^-r j: 5 1^. 

mntltx.fi J VD (Jet-Vapor-Deposition) ffiX-tT 
9o ]VDm^-o\,^xnfct:tii^^Xm TT. p. Ma, 30 
IEEE Transactions on Electron Devices, Volume 45 N 
umber 3, March 1998 p680j tc:|E«$tlSo ^ 1 h 

SU> 5-1 0 nm^OB2y- hite^m^l 4^fl^^ 

3 V^-ftlHI^^a 1 0 n mmSt<om 3 hitej&JK 
15^?g^^6o 

[0 0 3 5] is^lc. (§11 4lc^-rcl;5Jc:. pm^Mi^m 
ffil^DSJCL PCVDjfeirj; t) nS^fcUpM^iWife*: 
K-:7'L/c5 0-2 5 0 nmaSc7)^i^a'>y 40 

mms^-^:^^ t L-cy-^milJc*5j:t/Ku^ v®«c^ 

mf$.i-^mm(o p s^^^f^s® i (T)^®^^ i 

i&i^i 3. ®2y- hiffei&lgi 4ioXxJ^ms^- hite/^ 
Kl 5SreeS'&WJ- K7^^s/^v^^i-6o 

[0 0 3 6] m 1 5 t^^-TJ: 5 m^^sjgfl^ 

^(^fci?><75^FB^l 7^m^-t^o wO^&ll 711. ^1 

>5^-h»{fc:flSi 3ib*J:t/S3y- hJ&aMi 5J:f9t^ 

2y- h|&»JKl 4<^3L5'^V^]^S^S>C#V^3l5/^:x 50 



SMi 4^vy =iv»{bK-e«^L-cv>5o-e. =^<y^ 
[0 0 3 7] lai 6tc;T^1-i: 5«w. pm^^mi^m 

tel Affile LPcvDj£(rj:t) mmwmmtKo^y^ ^ y 
='>'^^bKi 8^m^^aii?i^fi^t^fc>^)(D^fp^i 7^5^ 
^{^misbi^.^ti^x^izmm-r^o ^i<x^ lai 7;^;^ 
•rxb\^. pm^mwmm.i±m\zMi.xRiK\:ix^ 

mimxmfiu^titim.^wmm4 a^xrj4h ^m^-t 

[0 0 38] mis {z.Tr^'Tx b (c. pm,^mw& 

~mtiAmm 1 0 ^?f^^i- -5,. n -^mti^mm 1 0 

^ASIRt;! J:!9y-h««3^-7>^iJ^tb-Cn Si^M*^ 
^^AU. ^<7)^(Df\^Sl;iJ:oX&AL3t^jN£iKl*?£ 

[0 0 3 9] 121 1 9 tc^-r J; 5 td. h«S 3 

n 1 1 ^m^-t^. n +^^tfe^ 

1 l(l^;2h>'tiAa^Slcj: hmil3:fc*<i:t/-y--^ K 

/^J:^-<—1^ 9 t LX nS^^iW^J^^A 

L. ^(r)^to^^3@tc:J:oTitAL:/5i^)W«J^Stt^bi- 

[ 0 0 4 0 ] »CJC. p ®it^»(z|^Sffi 1 (O^m^i C V D jfe 
m^^3ib^J:t/n 1 1 

^m>'V^^ h*xm^^ti^>mmmi2^mf&'i-^. m 

[0 0 4 1 ] /^4b\ 0^11 L/cfw^d^ la 1 o oy ^ y ir 

^(7)3l^ocMOS®iitxs«rJilS»:SX. giK-e^j/ji^i* 
[0 0 4 2] CC0J;51w. *%l^<OfB2|iaS<^fl!^ffiX 

mM^nm4 a^x.xi4h^^-v'mM^(omf^(D 



(9) 
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[004 3] ^yh. mmwmm 4 a ^xxj^a b (d^-t^ 

eT#6o ^bX. m??fSaS4a^4b«»2>>'-h 

Jga^l 4l:iJ:oTm^Wlc:^^lc5)^SI$tL6co-c. m 10 

w^a^ 1 4 a i: 1 4 b !&<D^:sLi^mnm:i $ 

a:^^SaS4 a*3J:t/4 b«. y-;^ffl«c. Ki^ 

<yx^^\zmm:^ti^<ox\ mm»^¥^i^<DStirc^m 
^/i^mm(o^^(Dmmwmv:m\:iXox;^^ y ir/v-o 

10 0 4 4] ir/W^tittiiiS-t^CMOSXmX* 

[0 0 4 5] (IS 3 <omm(owm) m^. :^^m(om 3 

li. (§11 Olc:^L7tm2^;0||^£^^?^®^C:^oV^X. Ml'/ 

4^v^y ^^v^^b^. Ma^^*- h^fe^mi 5^'>y 30 

mi sTbmmi s^^mL.xm.m-r^o 
[0 0 4 6] :^mm(Dms(Dmm<DMm\^^^^^m^i^ 

^IKiSffl: u.' 1 0 n mSSov' y =» ^-sg^kJKXtflfifc^tt 

mi 4i:m^'r^o m^x. cvum^zx^ ^^^m 40 
m^-f-^} mi 3#B8) o 

[0 0 4 7] pS^^**:^«l^®tCLPCVD 

#fts:S« 1 1 hiteiftJK 13. II 2 h 

^^1 4*5J:t/»3y~ hitfeSKl 5SreeS-&Wlc 50 
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K7-r^iX^V^'t-6 ([1114#0S) ^ 

[00 4 8] JSktc:. pS!i|^#f*:£fi[l^||Rg6>fbL. pS! 

(O^. m^fSS^Ji^*a:);t4^)C0^Fp1l 7S:?g^i-So r 
cr)m^SaJS?l^fi8:ofc>!)(?D3gK 1 7(i. Ml hK^b 

flii s^xnms^- hmmmi 5 x^i,m2y- 
xm2^- hmmmi 4cofi^n^m^m^^:^iy h^s/ 
xn. ^ly-bmitmi 3^j:x^m3^-hmmmi 

5 Sr y =1 :^K{l:IKX«^ M 2 h^igi^ l 4 ^ 
'>y 3:/S^fc:Mx«^bTv^soT^ 3l^y^>'^^e^L 
THfc<lr;tt^ y vg^m^ffiv^i^(^J;l^ .^c^*d\ v-y^:/ 
Ig^bigl 4«^K^l:^M^c:<fcoX«^5<!:^i:'S^^b$^L/J^ 

•r. COfeii?)^5/^>'^co^S^14firP]±-r5 (I2115# 

o ^fc. m,wwmmm^mc.i^co^mi 7\t. =j^y 

fl^^LTtxtV^ ^0^<OXgW:M2 0|IJ6<7)?^tei:P 

[0 0 4 9] {m4<r>mm<r>'^m) m^. :^^m<om4 

<r>'mm<Dwm^mn'r^o m2o\t,^ ^^m<Dm4(Dm 
m(Djf^m\::.m^^mm^^^mi^^ ^ y ^ y 
^TT^-twrmmx^^, :^m^<7)m4(Dmm<Dj^mn. 7< 

•=ey-feyw^pMMOS l>^>>^;^^x«^U:rc««Jxfc 
5o (I!2 oid^-Tctplc:. *:%P^oM4<7D||JS(^?^^(;i 
^5^#l&tt;^^y co^^yir/UttigXfl. nSI^^* 

s« 1 9 <7)^ffitcM 1 bt^mm 1 3 ltm 2 y 
- hiteig^^i 4;ii5^tt^ttSo -^UT. m2y-\>mm 
mi4(omma'iim^mmm4a. 4hr^m^^ti^. 
m2^-bmmimi 4isxx/mmwmm4 a. 4h±\z 

ti^o y- [^■mm3(Dmmatmitmi G^ift-i^xD-^ 

;^-<-f-9<?DTgC<^nffi^»f*:StEl 9JCfl. ^^^/b 

«i«|Cg^-rSig^)^ife?iSS</)p""S^ll£tfc^2 O C(D 

P -^SffitfeJi 2 0 o^ffiiJIdftiB-r 6lS^ii5Eife«So p + 

mtmm2 idssftibn^o y-K®ffi3*3j:tj^p+§! 

[0 0 5 0] *:%P.^<^M4(^lllf6<^?gffi|;ifi^-5:T^ 
»«'l4;^^y <^5ttf^l::ov^T^a2 l*3J:t/ia2 2S:ffiv^ 

-s^ff^i*;^^ y (ommmxh^o 021 (d^-Tct 5 
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GlC:gm/E — 5V) Sr^^DL. F Nm^J^^*<Jffi LT 
D « n m^mwmm l 9 <i: l^mYifc 6 v >«r^iSm{4 i- 

So 

[0 0 5 1] ;^^y ir/KO#^iZi^f:i. :^^m<D^2<r> 

y-;^ai«fflyom^ssiJS4 a(^«^^ii 
A-rs^-g^twJi Ki^-r y— ;^s-^n-ett(c:3iaii- 20 

[0 0 5 21 ^fc|2|:^«L/j!l>;5^ p^^y-feyK^SE^Hl 

^«"rixf^J;v\ ®#Sa^4 a*3J:a54 b040<?DS 
Si«^;-i:oT4o(r)S/^6miJ^feiS4^t^;ds#p,H. ^ 30 

[0 0 5 3] {ms<om:m(omm) *:m?^c9«5 

(^^<0^22©K^ LX7^=i-y-, #^3Z.^/tN*[Hj 

^ Srt^ 2 4 <0||J6<^)?^ffi(^;rf ^ y -fe/V^ h 7 i^^x;^ ^ 
^7)®!^tXS^^V^XI^^Ic:S^^t-r'5^J^^t"t>^^X^ 40 
6o 1212 3fi. *:^Mpm5(^^«BC0j|$^ic:^-5^»* 
ftifi^flc^^y (75^323lplKSr«^f SMOS h^^-v^;^ 
^^'(T^ffiit^r^i-^ffilllX^So 0 2 Sld^-r^fc 

J?^!^' {;^^yir/UTr) i^^tc:>5^- hJfe/aMcoSnt6 7 
aS<DMOS h^Vv^:^^? (Trl'-Tr7) SrH^X 
^c^^b\ (2)2 Sco^^y ir/u h ^Vv^^^JiEl 1 0 
lc:^L/c;^^y iryv h7>'>^;^t^X*>'5o ^fc. MO S 
Vy-iyV^Ts^T r I'-T r 7 ll-r-^X nSiMO S h 7 

1^X1^-50 ;^^y-fe:/Uh7>v^;^^On~® 50 
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fegfc^i o*3j:t/n+sffitfcji 1 1. mmmi 2nmm 

-r53t«)tc^lil&LX*>6o MDS Vy^y^^::^^ 
T r 1 -T r 7 lc:oV>X t |5]1^Xfc 5o 
[0 0 5 4] 2ktC. 0 2 SlC^LTtMOS h^^-v^;^^ 
<^Sijg:&jfe^ia2 4 7!?3^ig3 0 4r^v>XSi§q-r6o ^i* 

1 OnmSS(7)miy~ hiteig^^l 3«rfl^^"f 6o Hi 

(Dm 1 hteiSM 1 3 ^i^^-r 6o ^ uxia 2 5 

CVDj5fet;iJ:!9 v-y ^^vKfkK^r^au. 5 

r) -%<om^<nm 2 ytmm 14^ 

^*-r6o «^v>xi§12 6ic^-r<t pi-. JVD&lC:<tl9 
m^^atg;^<^^J^^v^v'y =i^-^<l:^$r^«L. 1 0 n 

So COi:5i;iUXmiy- h«fe^lKl 3. H2y-h 

mmmi A^^xx^m^y- hmtsmi 5<^5*>(?)^/j:< 

nSo 

[0 0 5 5] ^^:tw. 02 7tC^f «t pM*^»f*:S 

K-:/Lfc5 0-2 5 0 nmSi^c^^jSfBV'y =i >'K^ 

bmms^-^^i^ t lx k^^3io,^>->/icj: 

^y-feyU h^^^v^^tJ'. MOS h7Vv?x^^tv^*n<^ 

[00 5 6] 028 Id^f J: P MO S h ^ 

v^;^^T r l-T r 7 ^m^-r^m^^^:i- h Uv^:^ h 

2 2XSv\ ;^^y ir/w h^^v?;^^%?i^^-rs€ii|Sc<^ 
r^znix h^i/^Vi/t-So ^ix5^:^i/?gfimi'/-- hgf 
<tmi 3*5J:t/«3y- h«feSJKl 5J:!5t«2y-h 
Jfeii^l 4 60ni5/^V^jiS;OS;^^tV^tO^?lJ^-rSo 

irj^^-r^mmcom 2 h«&«ds 1 4 <om^i:m9i»} 

X«^L. m2>5^-hJ»l»llSl 4Sri^y ^VKfbJKxm 
^LXV^SCQX^ :^iy^:yi^mt LXntztx.^^ 
^^^v^titfJ:t\ ^LX. 02 9f;i^-rJ:9l-> pS? 
i»^»i*:S« 1 ^m\z L P C V D ct 9 mffif»afB;^<^ 
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[0 0 5 7] ^^m(om5<Dmm(Djf^m\^xrii'£. mm 

nMMOS h^Vv^;^i5', PSJMOS h7 Vv?^^*(r 

s hy>i>>^^T r i-T r 7 <r>¥— hmisa^PJ— 
[0 0 5 8] 6 co||jte(Dfl^S) :^mm<Dme 

[0 0 5 9] (A) ^nm\^^ ^ y 30 

[213 nc;^-rj:5)ic. :L<DmQ<o^m(Dmm\^^^h^u 

^LT. cico^ffll^tip<-=ty co;^^y iryi-S 

igTji. p§i^#(*a« 1 (D±m±\:im 1 ^- hitei&iK 

stmn^ti^. ^- hmffi3(^)flMictt»{bMi 6^ 

^10^. COn "SteSfe® 1 0<^^MI^-f4@-r5?lf^ 
3*5j:t/n +®i2:gS:g l l -?:n-ett<^«S(cjl#mS 1 

[0 0 6 0] *:%iqf7)^6CD||ffi(7D?J^®|C>K:5^»«tt 

SriS^iWiKlSISo n "®*2;»J1 1 0 t K^MifeiSffiO n 

+ l-C«figLyhLDD«Jt**^LTV^6o 50 
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Lx. ^-hf&mmii^mKoy-ht&mmis (t 

ti. m2^- \^^mmi 4(Disimma'im^wmm4 
(4a, 4b) tm^^ti^o z(02o(Dm^wmm4 
ais^ij4h\zm^^wmi^. t<Dwm^mn (1) m 

mWmS4a. 4 bC7)V^-fi^t>l;^«:^SbTV^/^V^4^ 
m. (2) m?«fSfflJi4 a(^;^fJ551g^^SSL-rv^S« 

(3) m^5^ag4 bCO;^;i5^^^gauTV>^tt 
®. (4) m^^S^4a. 4 b*^c:m'7■^^aLTV^ 

co4o(;:)«^*^!9#6o z<D2-D<Dm.^wm 

S4 ^^xxj^4h\zw:t^;^nitm^<omm\:iXox±c 
^ L^\^^^m,fE(omt^^mmmm(o -o o^. -o 

1\ "10". "1 l'iw>Ft/S$ii:6o ^fc. C(757<^ 
m4(Dm^(Di§^&\^^^mm^ (over-erase) J^B&Jl: 

i^^SS 4 fic V D&t;i J: 6«;^saaE>3(7)i«v>v- y 

e>T-*>So ^fc. v-y^:^^. #)i$a>-y ='>'JKT-«fiK 
i-ttj^^ffiicffijigx*^ 5o ^ ^i-. mi v^&mm. 1 
3. ^3^5^- h;ffe,^flli 5^'>y ^i^s^^b^ (s i 02 
M) co2{gms(7)^m^^w-r^>^y ^'v^fk:^ (s i 

3N4]K) T*SI^-r;Kf^. '>y 3>'g?{t:lK»S[Bg/?;5S4 

-Clim-c# So k y :/K{b^^^^ii:;Ji5 5 n 
nHZ)'> y 3 V-^ffc^c^HW^l?!! 1 0 n mmS<fCO-C. 
H^h^^/l^ (DT) ^Ati^e$n/ctV\ Ufc^So 

[0 0 6 1 ] *:^0.^<r)^6O|IM(7)?^^lw>RS^»Mi4 
«c<D»/Er6j±C0 @ WX n 1 0 SrKtt. L D D 

TtxtV^ Sf2y-hj»i&JKl4ttm^»^fflS4a-4 
bPaoy-t^^SrlSjh-rS;^^ ySii: x.tf '>y v»{kMX 

«ii*-r6w^;asx#6p ^^c. %2^-vi&ms^ \ 4\z. 

:^i:;ttfT 102- Ta205. Al PZT. 
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[0 0 6 2] :^^^<Df^6(DM^(r>mm\^^>^^ 

i^imT- (CHE) -cm^^ K!^-r ^/^ii§Jc^i]om^^«^ lo 
4 b id^A-rso y-^®«c«ii<^m#s®ji 4 b i-m^ 

ir/KDtN^H. 12)3 4l::;a^-rj: ^Id. y-hGJd^m/E 
(— -5V) ^^nJ!JDL. >'T!^^— • y/l'hVW^ (F 
N) S h V^/^ma£^f»J^ UT^1?fS?IJl 4a. 4 b 

sffi (Floating) ^-rnf^. K ^miiii'jtom^^** 
m4h(D:^fi^bm.^^^\^t^< zti^-^mx^h^. y- 

(c«y->^mffi«wiESff^wi)DL. h*i^^>'mm^nm 

hG;i5^ii-r2>«»o>^y-feyH::«l^^lwS 
^^^AX-^'So 
[0 0 6 4] ^fc(§):a^li L/.CV>/5^ ^^y-ir/^OH^m 

^«|j3]r-5C:<i:TfT*:>n5o *S?»SaS4 a. 4 b 

mW^aS4 a:Jo<i;t^4 b(7)4oOS 
a4^^lcJ:oT4o(^«/^^SSae]t#14^5#e);h.> ^ 

[0 0 6 5] (B) »^ttp<^y 

#lfilfi:?<^y C0p<^y-fe/Wln^MOS h^i^v^;^t5'-C 
^(;)»^t4p<^y (^)7<^y-feyu«it-Ctt. 
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mm4 (4c. 4d) ;d^fl0^S*T.6;5^ rt^m^^SS^ 
4 c*5J:t/4 d;d5 h>^/w*feig^l!S2 3 S::^M.T p§i¥^# 

f$:stg 1 (D±m±\:imm^ri^.^r-m s i 
^vtn^^j:^. m2y-bf&mmi 4i6xxfmmwm 

9 p M^SLflsStg 1 (D^m\z 

lot. :i(Dn-mii:mmi o<D^m\ufLm-r^^^^^ 
^xxj^n +®tt»Ji 1 1 tH^'tKDmmi^inmmM i 2 

[0 0 6 6] *:^BJom6(7)||jM5(DJ|^ffi|r^^»^^4;' 

•=ey oy^y -fe/nt. y-;^SBiilc*5J:t/KU'-r v^iiS^ 
n -sfctfes 1 0 tm^f^^mm(o n + 

1 lT-«^Lyc:LDD«it^^LXV>a. 
X. h*fe^J^;Ji5m2(r)y- hteig^JIIl 4. h>'^>'^ 
*fe)g^2 3*3j:t/m3<Dy-hitejaKl 5X«^$ix. 
m2>$^- h*6.SHIi 4(OWdSgpic:i^m^S«^4;55fl^^ 

^ix-5o 2 oomWSaS 4 cib^J:!;? 4 dicm^^ 

saL. -^i^sffl^^tftri (1) mwsaJi4c. 4d(r> 

v^-fi^t>m^^^«bTv^/J;v^^^^. (2) m^^S^ 
4 c(D^;5^m^^SSUXVN^i^^. (3) m^W^M 

4 d(D:^r^m^^wmi^xi^^^m. (4) mw^eiJi 

4 c. 4 d^»w«T-<l:SSSUTV>Sttffi. <Z?4oO«ffi 

^t^om^^o z(D2-D(Dm^wmm4c^xxf4d{zi^ 
^^titzm^<omM\zx^x±c^\^^\^^mm&(Dmit 

^»^IBtiit«<73 "0 0\ "0 1\ "10\ "ll'tC 
4fi^-^^/v^SciS8a50ji:&lwffig-r5<?5T% 

oi^xs^^t). «^ssg4com^<^ss«ffii-fefe#L 

/ccv\ Lfc:d5oT. m^wmm4(Dm^<7:>m^^\zx^ 

(over-erase) fiE&ih^^X. ^niCi jg^g^felC 

i^^^vi:mm.xtf^o mmwmm 4\tcvDmzx^ 

^h\z. m3^-\^fmmi s&i^y ^vg^^b^ (s i 
02^) (r>2mmm<omm^i:^'r^i^v=^iymtm 
(Si 3N4j^) xs^-rn»^. i^v ^>^mitmt^n^ 

/?;etMnm-l 1 n m^SO^^^tdSPl h Jfe^M^ 
LTMmX^ tz t ;t«>' y ^'Kfb^^SM/? 
5 n m(7) y =1 VgfbKoHSJKiS^ 1 0 n mSig/jr 



23 

(DX\ mi^h:y^yi- (DT) ^At^e^n^j^i^ Lfc 

[0 0 6 7] ^^m(Dme<Dmm<Dmm\:i^^^m^i±;< 
(DMm\^±(o n ^x* n ^m^w^m i o ^^*t. l d d« 

m2y-h*fe.^]^l 4{im^SS^4 c-4 d 10 

txf^T i02> TagOg. AlgOg. PZT. S 
[0 0 6 8] 6 C0^5£(7)?l^ffiir#.6 

XWfife^tt. ^-t'-:^^ 5/^RAMic:^3ft$n6 1 0 0 n 

>'v.ite;g^is 2 3 ^ y >^mitmxmf& l^c*&. ^<ojk 

f^iCfi^<P«Wj:V^t%x:6o C<OCi:«. C.H-J.Wann 
e>tCj:on995IEDM digest p. 867^z:^$n■CV^5o 

[0 0 6 9] ;^^v'^^^<om^i2<^ny—:^mmtvi^ 
^ >mm<Dm^m.tii>m^t^ i^mm^^^-r^ ^ t xn 
t>ti^. mw»as4c. 4 d(7)^a4^^g^cJ:o-cy- 
t^^^'t^Z.t^nWi't^^.toX'h^. 

v\ m#^a^4 cib^J:t/4 dco4o<75gSH^^{;iJ:o 

x4o<DS^.£'5mfl£e)i«pttJd5#^n. ^ndcttJio 

[0 0 7 0] ^P^Jd. *^P.^OM6c^||J£cojf^®(C#.^ 
ff^tt^^yjl. «^SaJS4 cioJ:tJ?4 dlcim^^ra 
AL/jritnr^. il«<OMOS h^i^v^^^^^ L.TS!lf^$ 

[0 0 7 1 ] (C) ^»B14is<tt/»%t^fe«tP< ^ y CO 

»ci;i. *«M<z?m6<7)|IM5<o?^ffilc:«6^SI%tt-?«^y 50 
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J:t)^»^t4> ^ y (7);^ ^ y •fe/woK3t;^ife^l2i 3 5 7!? 

^[§14 3*3j;t;!|a4 4 7!?SI2I5 2$^fl^V^TaWi"^o El 

3 5 7l;Mllj4 3(1. 6 

»m> ^ y (T^siit^ft^^-rK^T^ia. ei 4 4 t!?^® 5 
2tt. *%0>^(Dm6<7D^iffi(D?g^jc«F.^»%ttp<^yo 

[00 7I2I ^-fia3 5;JoJ:t/|2l4 4lw^^i: 9t-. p 

^^m^mm. 1 (td/Jn ^ v ^ y =1 >^ 

{klM^^ffl 1 0 n mSS(?D^ 1 hfeS^K 1 3 S: 

m^-t/bl ^ly- h^fejgtflll 3?f^iSm. I§13 5(75:f:» 

El 4 4 eoS^i^y ^ y mf$,m^(r>m l h «6iRJK 1 3 
^felwJ: ti^^-r-So Lfc;i5oT. SI coy— hlfe/SIg 

1 3(iEi 3 5<D^m^^^^vm^m^(o:^\^jf^^^i^ 
-So si^«afiB>30/h$v^'>y =i:^s^bK<^^att. tc 

I 0 0 7 3 1 2fet;i. El 3 6 is J;U5|21 4 5 iC^-T J: p 1:1. 

c V Dfetw J: !9 y i^KfbK^ p m^mwmwi i ^® 

intau. 5-1 0 nmaffi<7)S2y- hte/^flgl 4^ 
t^y =i>'S^[::JK^^WU 1 0 nmSffico^sy- 

mmi 5^mf^i-^o urn. ms e<D^m^i^?^^vm 
14. 1 sr^m^^ti. 5(DW^^^^vm^mi& 

So 

[0 0 7 4] »:t;i. El 3 7:fc*i:t/E14 6 ICtj^-T J: 5 
p m^mt^&m 1 ^® J- L P C V DfeIC J: t) n S!^ fcJl 
pm^f^^^ K— >^U/c5 0 — 2 5 0 nm^a^co^jg^ 

hmS3 LT. El3 7 0^S%ttp«. 

^■r5Si§Sc(7) p §^*^<*^S« 1 1<^- K«^gi 

Kl 3. ^2y- h^BSl 4;fo*J:l/m3y- hifeSffi 
1 5^SBS-&&^I^ K^-r^i^ty^V-^-reo E14 
6 ^ y Jf^^SiiS XII. S 2 h team 1 4 

*3 <t t/m 3 h ifei&Hg 1 5 «r e es-a^ w »w k 7 -r 5^ 

[0 0 7 5] El 3 8ib^J:t/ia4 7\z.m'tX.o\:i. 

1 7H. »iy-hK<t:IIi 3 4yJ:t/S3y-'hitei&Ii 
1 5 J; 19 tM2y- hl^mmi A(D^y^^^^^&.t^^ 
^V>:ii5/^>irfSSrffll^X^2'/- hte^^l 4(7)iffigP 

3 8 (o^n^^y^ ^ y ?i^^®«<:om^^sa^?i^i«<^^cJ6 

coSFbIi 7:jQ<tt/El4 7(7)»^14^^yfl^fiS;tiSccom^ 
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urn 3 bi^mm i 5 ^ -> y = i^mitrnx-m^ m 

[0 0 7 61 ^Sfel-. (113 9:jai:t/[g)4 Slc^-TJ: 5 
p 1 ±m^tc t R T O&ir J: !9 K{b 

/^Jfe^M 2 3 6 . 10 

[0 0 7 7] »CtC. 1214 0^Xlfm4 9 {:i7jk-f- X ^ 

ia4 i^b'«fct/{§16 0i;i^-r<t5lw. pM^^#^S« 

Sg4 {4 a. 4 b. 4 c, 4 d ) 
[0 0 7 81 !§I4 24Q'«tt/ia5 1 (Ci^-t* J: 5 

P 1 ^ial^®?^!::^ l 6 ^mf^ Lfc^. 20 

n -Mn^sfc^ i o ^m^-t^^ n -sifcgfcg 

1 0 H>r ^^^i^ASWlc: J: ?)<5^- hm« 3^-^:^^ tl. 

[0 0 7 91 S^ld. I2I4 3*5J:t/|ll5 2 IC^^-T J: 9 

[008 0] -eux. pm^m^^m^l(o^m\^c^rD 

i^mm 1 ^^^i4#ia^4'T-iR!t^ii-r -5 c ^ j; t) 
hsfii3:fc^ctt/n -^munm 1 1 -5:n^'ix<^^Dii;ii«ia 

*5j:t/El3 2i^;^L^«i%i4;^^y (?5>^y ir/P«ag;as 40 
[0 0 8 1] fjii^. EI^IlL/'cCV^;6^ E13 I;fcj:t/I2l3 

>'f!m^xm^(Dm'^<ocMosmmj:ui:m}kmx. 

[0 0 8 2] COJ: pt:i:*:%§q60^6|IJfeO?gffi-Cll. 

mmwmm4 (4a. 4b. 4c, 4d) i:y-bmm . 
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lo 0 s 3] -m^wmm 4 (D^-Y^j^-^jj\^<Dmn. p 
s!^mft^s«u mi^-bmmimi s^xxj^ms^- 
hummi 5tm2^- bt&t»mi 4<^3is/^v>/5ts 

i ^ > ^^Ffl (75 S^gS J: o X ^J^Hl X # 

-So ^ixtwi:^. m^SaS4^^l*lciEBX#^o ^ 
LT. mi«r»aS4Wfi^2>>'- hteiRJKl 4lc:J:o-c 

f>«. ^K^JitfeiRKl 3. hi^^/W«SJK2 3. 3^3<^ 

fj^^^^h^'Y^^^mi$.y^^\^mtE\^xmf^^ti. m^w 

J:oT;^^y-tryK7)mSKmB4#14l5{af»*5o b7t;&So 

^X^ So 

[00 8 4] iryWWatJiiiS-coCMO SXex-^StdH 
[0 0 8 5] $e>{c:. ±1BO^#^ffi>^y irSl^tt^ 

[0 0 8 6] ^^^M(ome<DmM(DmWixn. m 

jsi 4^i^y ^vK-fbiK. ms^-hmmmi ssre^y 
^'v^'fbiexw^Lxv^sd^ Miy- hjfeii^^i 3^ 

y =r i^mitm. ^ 2 h^is^ 1 4 ^ y =3 
fll. m 3 h«fe»jS 1 5 ^ y =r ^-K-fbiKxflifig Lx 

C(D:©'g'/ci:;t»^. |gl h*fe,mKl 3|lp 
S^^{*:S:^ 1 ^^mit L/cl 0 n m^ScO '> y 

itrnxm^-r^o m2y-hmmmi 4n]vi>m^x 

D«aUl/h5-l 0 nmgS^^®^^Stg;^<^^fi;V^v'y 

='>'^^b^x«^i-So msy- htei^^i sficvD 

t) «s Lfci 0 n mim(Diy ]) ^ iym\:Mxmf& 
Mf^n. miy- hmitmi si^xrjm^y- b^m^m 

1 bi:i^V =^:ymitmxm^i^. M2y-h«feig^i4 
Srv^y =i>'^<b]KX«fi8LXV^60X. ais/^v-r/agt 
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1 0 0 8 7 1 cm? <Dnm<owm) ^^i^om 7 

^^^'^]) ^^-(D^y■:f±\^mmti>m^7f^'rh(OX- 
y-iryV.«3t^^-r^®El-e^5o [§15 3co^»^f4;^^ 10 

y i:|gl5 4CD}?^tt>^y lRi-^s/>^Jiiwri@$ 
nstotffc^o 0 5 3iw^-r^»%i4^^y {rov^T 

[0 0 8 81 5 4 J: 5 C CD^ 7 

ffitc:>»5»%14>^y <^^^yir/KinS!MOS b^V- 

y -fev^«igT*fi. p m^mwmwi i <7)±®±ic h 

^ffi^4 e JilC«^4y- hite^^2 4^:fM.ry- h 20 

m<^3;!iS^tte»tt6o hmffi3(7)ffiraic:(iK<blKl 
1^-f K"?:^— /v;^-<"-1^9coTSl5(^pM^#(*:St5l CO 

JS^iffi«»«SOn 1 1 t-mk-fhfi^. h 

mil 3io j:t/n +Mfc»g 1 1 ^f\.^ix<omm\atmn. 

m 1 2;2i5^frte>ix6o 

[0 0 8 9] 7 cO||fflt^J|^ffijCflSS»^tt;^ 

^y O^'^y ir/W{i. y — ^®*l!c:Jb^J:r/Ku^>-®iiJc$r 30 

n 1 0 <i: ia;^*ei^«so n + 

®t£»gl lt?«^UyhLDD«ig^^LXV^-5o I- 
hteSK^S hV^/P*ftMfcK2 3*5J:t/|54(^?y 

ite/^^2 3 i:iS4y- h;te;Sfli2 4c^rpiicjim^^ss^ 
4 e ;dsgEe$tL6o :iomffif»sg4 e 

"I'tc^JS^-^So S:l«r««IS4 ettCVDfelcj;-5 

'>y :3 v^-fb^toitftJcfi^j/^m^^ig^is^liiiim^^SS-t- 

^4^~ h«6ig^M2 4S:v^y ^rV-K^b^ (S i 

o 2 ^) <^ 2 flgaff(^Rm*isrW-rs y = :ymtm 
(s i 3N4^) xmf^-ttii^. i^v ='>mitfmmnm 

?5S 5 n mCO v' y 3 ^H^bKlcoUSK;?!! 1 0 n mSJK?i 50 



<DX\ m^\->^^^ (DT) ^At^S^ix^^V^ Lfc 

[00 9 0] ^^m(Dm 7 <Dmm(omm\^^^^w^^:^ 

(D»/EfSl±0 g ^X n ""Sfctfeg 1 0 . L D 

[00 9 1] *^?^C>l|7(?5||j(iS(7)fl^ffi(w>eF.^»%ttP< 

^ y jc*5v>-c. m^SaJl 4 e coTSPi- h 

2 3^iE^UXV^6o h V4/l-fte/^^2 stiiSig 

y :yi^-^m^j:mm^^-r^mm(Diyv :=^>mitmxmf^ 

^tls y-r^^ s/iJ^RAMtd^jR^n-S 1 0 O n s fiJlT 

^2 3^'>y :=iv®5{bMx*«^u/c:^^. ^oflifftia 
itrnxm^-rti^^. i^v='>^mitm»nmmti^i. 5n 

[0 0 9 2] $t>tc. ^^m<r>m7(r>m:m<omm^^>^ 
w^\^?^ ^ y 1^. s^sjsii^ 4 e icm^^^Au^^ftn 

[0 0 9 3] *^?q<7)M7(75|gffi(^fl^ffi(:i«-5^ 
i^^ti;^ ^ y ib^ J:t/»IH4y ^ y (7);^ ^ y ir/KT^Kit::^ 
ft^ias 5 7!?^® 6 2ioJ:tJ«(gl6 3Jbmm7 0^fl|V>X 
Kl^-r-So 121 5 5 7!^^ll 6 2 li. *:^W<7)^ 7 

6 3T3^m7 on, *^PJ(7)^7(7)^mcO?^^lw«5}^ 

(0 0 9 4] ^-figs siojzu^me 3IC:^-rJ: P 

itm^mm .1 0 n mSgO^ 1 h^6;^flM 13^ 

nt^t } Y uw^xrf b , mi h^/^Bii 3?j^^ 

CVDfe{c:J:t)'>y ='>-K{bfli^«au> 5-10 
nmae<7)m2y-hite8iKl 4 4r?l^^-r6c Jl«V>rj 
V Dfe{:i J: 19 mMWmmti(r:>^b $ v > y =i v^^bfll^^ 
S L.> 1 0 n mn&(Om 3 y- hiteiSK 1 5 Srfl^^^ 

[0 0 9 5] 0 5 6*3j:05|g6 4»c^-fJ: 

p m^mv^mm i ^csd l p c v d & j: 19 n s!^ 

p S!^ji3fiifelSr K— 5 0 — 2 5 0 n mm^tD^jefa 

y 3 ^^^Sr^SI L;rcS. la 5 6 (O^W^^:^ ^ y 

=->^\^. hm<i3<sr?i^^-r^o «s!v>ry-hmii 
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t&mm 13. m2^- bmmm i 4 4o j: t/m 3 hjfe 

[0 0 9 6] »:ic:. EI5 7{c:^-rJ: 

mm<ommx*n. miy-bmitmi s^xxj^ms^- 

-:^> 1216 5ir:^-rj:9l-. ^ y 

So 

10 0 9 7] jsfclc. 1115 siojii/me 6lc::^-rJ: plw. 
pSif^»(*:Sffii^®^fct Ttf^RTOftlcJ: D IdiES 

2 3 ^fl^^-r So h >'^>'i-;te.^flM 2 3 ?f^j^^. p 

R I E\zjz^^yj^=j^y^>^^^m\ m^mmmtKo 
Bi^i^y =r v^^bm 1 8 xm^^tifcm^wmm 4 (4 

a. 4 b) ^mjSL-t^o ^<^^> 0 6 7<DS^tt;^^ll 

[0 0 9 8] i^]) =^l^m.itmi S(D=J^y^:y^mrTWL. 
^-h1&mm2 4^m^i'^o Z:iX\ m5 9(D^W^ 40 

tt;^^y^^M«ccoB4</- hl6ig^m2 4liBft5fe$n 
So 06 7^D»«^4;^^yfl^figfi|«S::7;^- 

huv^xhT*Sv^. 0 5 9o^»^t^y^y iR^^^igctc: 
^Sl^ti./c^4y- hte^JK2 4Sr^s/^:^i/i-6;i.i: 

[0 0 9 9] »:tr. 06 8»w^i-J: pS!*^#(*:S 

tSl^SIClL PCVD&IClJ: nm^ti\tpm^^!^^ 
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3 a S:Ji^figi-So j^^V^Ty~ hm<i3 a Sr^ix^V>/-^ 

^«(7) p m^^mi^siR 1 h i^^^i^mmm 2 3 . 
m^ss«^ 4eisxx/m4^-b mmm 2 4 ^ e es-a^ 

®*JcT-H. 06 oci^i-j: ^^Sv-y ='>'fi^^i- 
-<T»^LTt^av^L. bmm3\^'^t>^x^<^- 

[0 10 0] 0 6 i*5J:t/0 6 9Jr^i-J: ptc. 

p m^^mt^m^ 1 ^^©t^is^'fbM 1 e ^fl^gg uybm. 
ii3e«^»a<^ n -^ffififeji 1 0 n ~M&iftg 

[0101] »tw. 06 2j3j:u?07 Oi:i^-rj: 5Jw, 

Lfc^. ift^3i3fii^igJgOn+S!fe»gl 1 *fl^fiS;-t--5o 

n 1 1 fi-f ^>^^AS^fflc J: hm-s 3 

^fii^^^AL. ^^7)^(^Si^3®jcJ:oriiAbfc^»6ife 
[0l0 2]?>:ic. p®i|£»tt:Sffil<Ot^^lc:CVDj* 

^m^yv-^^ KT^^^tL^^m^i 2^miiz-r^o # 

.■S&JS^Sfti-rttl^. 0 5 3 {C^ L;/5:^»^tt;^ ^ y *5 
J: t/0 5 4 td:^ U7t»^ttp< ^ y (75;^ ^ y •fe>'l-«it;&5^ 

[0 10 3] 0^«U/.CV>;5^ 0 5 3:K5ci:t>0 5 4<0/^ 

^jim^(Dm'^(DCMosmmj:m%:mi^mx^ 

[0104] :^^m(Dm 7 (??iijfio?^^xii.. :^ 1 
hmsimi 3S:'>y ^v^^biB. «2y- hj^jRisi 4 
^v-y m3y- h«&jg^^i s^v^y 

^bJ!iX«^LXV^'5;&5. ®iy-hJteiajKi s^v-y 3 

3^- hiteigiflgi 5%:iyv ^^i^m^trnxm^i^xi,^ 

V\ Cc^^-g^^^c^Tjtf^. miy- hiteig^ai 3f:ip®i»^ 
«f*:Sfi 1 1 0 n mSSfO y en i^g^^bM 

X«j*-r-5o ff2'5^~h«6;»flil 4flJ VDjStelCj:!?:^ 
SLycS — l 0 nmSaco^^S5ffitg;^co<gV^'>y =1:^ 
^{b^T-«^t- 5o ^ 3 h ife^S^m 1 5 C V D jSfelC 

cfc »9 i«a Lfc 1 0 n migsc^? y =» i^mitrnxm^-TH 
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i:i^v='>mimx*m^i.. say- hJtgig^^i 4«r'> 
[0 10 5] :^^m(Dm6i6xifm7(Dmm(o]f^mx 

[0106] ms iDmm<Dmm) ^^m(om s 
<Dmm<omm\^^\^^xm.m'i-^. ±.m<n^\7bmm7(o 

T. m.^^x^^^\^±'^^^u.^i}mm^^x\^^^ 

(S. Ogura, 1998IEDM» p987, *g1#rP#-^B 5 7 8 0 3 
4 1^) o L;6^L/«td5e>. w(Oj|«T-|l. >^D-7^^>' 

[01071 mi X\t. ^c^MtOS 8 C0||«B<^?^ffitC>K 

sm^axa^ofSiji^igi^ tiCOT'fcs, mi w^^-r 30 
-fe>'i-<z)«5t-cii. p®¥^*tt:stg 1 (onm\^m 1 h 

teig^^ 1 3 LT S 2 h Ife^fll 1 4 ^JS^tt 

may- vf&mm 1 4 (7)^i^tctim^^^®M 4 a . 
Ahfim^^^i>. »2y- KJte^jKi 4*5j;r;fmws 
®^4a. 4 b±ir«S3y- hiteMflSi s^^^hury 

- hm<S3;5SiS:tte>ixSo y- hS<13(D^iM;c*lK{L 
jKl 6Sr:frL-Cf->f V^^-/\^:^^—^9f)mnhfL. 

^mmms.(on^WBmm 1 1 tm^^-fht^^. y- 
[0 10 8] :^^m(omB<om:m<omm\z.m^ 

giSE2 5l;i©^2 6>i5^ttbn^o C(^IS^2 6ICJ: 



[0 10 9] :;^mM^fRB(omm<r>mm\zm^^m^^ 
^ffliS^ia^Mi^^^go n -^an^sc^ 1 0 tm^m.^m 

m(Dn-^mi&Wcmi lT*«^LfcLDD«ig^WUTVN 
60 UT. y- htei&KdS^ 1 y- hJtfeSiJR 1 3 (T 

b^^wmis (Jig) /)^h^j:^3mmmmxmf&^ti. 

m 2 y- hitejgfcK 1 4 <^5f^«8«fPtC«tmWSfl|g 4 a jb^ J: 

•4bi;imT-^sau (1) m^wmm 

4 a. 4 bOl^•fntm^^S«LTV^7iV^^^ffi. 

(2) m^SaS4 a(D;t^.;^>sm^^««LTV^-5^^^. 

(3) m^wmm 4 h(D^r>m^^wm\^x\,^^v^m. 

(4) mi^^S^4 a. 4 b^lcm^^<^SaL.TV^6« 

(04o(Di)^m^tr)m>o :L(0 2oiDm^wmm4 

a ^b^J:t/4 b \z^^^ixfcm^(r>^m\^X<yX±Ci> u 

# V ^mm,E,(^mt^^mmmnco - 0 0 - 0 1 

"10*. "1 i'«cMJC$-*5o ^tc. :i<D^^})'t/u 

mmxnm^wmm 4 a . 4 b n^-r^j\-mm^U(D± 

4 a. 4 b6om^<^«a«ffitc:«fe^¥L;:cw^ L;rc;6So 

T. m^wmm4a. 4h(Dm'T'(Di^^^\zx^wm^ 

(over-erase) *:j:[»Jh^iX> ^iXlC J: t) ilm*tC^e{a-^ 
»tt:p(^y ^||^-T?#5o m?^S^aS4 a$3j:t;54 b« 

c V D J: 6 m^^SSti;^ o V > y =1 >-^^t:MT*fil 

mmx^^o miy-hmigtmi 3. S3y- 
h^Ki 5^v'y=i>'K{t:)ffi (siOgiK) <^2^g 
s^^m^^^-T'Sv'y ^'^-/^fi:^ (Si 3N4BI) X 

It^-rtLJ^. '>y ==>K{k:IIIl*^Jm^;55 4 nm-l 1 n 
60 ytirxf^v^y ^^'^^S^^k^^^Ki^^i^S nmC>v-y n 

1 0 n mmm^j:<r>x\ mm h >^ 

fV (DT) iiAt^e^ti/^V\ Lfc;&5-pXs m^O^i 

[0 110] *^Mom8(r)|llft<75?|^ffi(c>KS^»^+4 
i|^#(*:p«^y (Tjy^y-fe/v^-Cti. y-:?^ffii|!c:fc^J:t/KU' 
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^^urtctv^ m2y-\>mmmi 4itm^^mm4 

LTfi^fc t Xtf T i02^ Ta205. Al P 

[0 111] ^^m<omQ<D^m<Dmmx*\t^ y-;^ 
f^m^ (CHE) T-m^^ K w-r v^SciEijtom^sas 20 

4 b iwt^Ai-'So ^-r^>'^««2 5 ICSSI2 6 ^K*t/^ 

la-SCh^i^x-t-So y-^mSc{RiJoS^^SSS4 alc:« 

p<^y ■feyK?Dm*fi. 1217 Slr^-TJ: 5>t-. h 
GJd^SJE ("^ 5V) ^Rl^JDL.> !^^- ' y>'^K 

^N>rA (FN) mvi^^^^mM^mmi.xmMwnm4 30 

- h Sfii 3 ;^ ^ y -fe/^-c^t* $ ttX V ^ -5 

-?:tLe>t^)p<^y-fe:/^;5^e>l^^icm^^§l#a< -i: 
^ST*t5o sio^^. y-^S. Ki^^vDJlpS^^ 

^S^rr^iSmffi (Floating) ^-fKI^. Ki^-Y^OffiO 
miSfSSg4 a<?D;^j6>bmT-<^§lt&< c:i:t>^tgT-^ 

60 y-:5^sa'j</)«w«aS4 bo;9-;5^e>«^^§i#fife 

10 113] *fcia^«U/^i/>Xi^ ;p«^y -feyK7)ig;^m 

^'K^i-6C<!rr*tT*:>nSo m^^ffl^4 a. 4b<;)S 
S4^ffilc:<to-cy-:^€i«c, K u--^ :/ffi«ciff^(??mSSe 

m^m\:ix^x 4^(o^t^hmMBm^m^%hti. ^ so 
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[0 114] »ct;i. *:%§^(7)m8(7D||Jfico?i^tetc«F.S^ 
}f ^tt^ ^ y (7) ;^ ^ y -fe/V(7)®!it:^f£«rEl 7 4 7!^MlgI 8 
2Srffii/>TS^.Mi-6o i^-rmi 4\z.7r^^X,b\^. 

-^27$:. pSit^i»f*:Stel±lcJl^^t-5o -^rUT. 
EI7 Slx^-TJ: ^1^. fc<i:;t|-fR I EifcicJzoT. 

^^m»mmi%:=^y^i^i^-r^ztx\ ^m2 6^mfjS. 

[0 1 1 5] (§17 6;;i^-r<fc9(::. pg^^«f*S 

L. 1 0 nmgSo^mi hlfeiSMl 3$:?l^j«-r-5„ 

JVDft-etTPo Siy- hjffei^^l 3J^J«^. CVD 
v-y =i:/K^bm«:«SU> S-lOnmSfiO 
^2^- hJfeSKl 4^?^j*-r-5o iKV>X J VD&tCJ: 

!9mi^^atg;^^7)/^^v^>'y ^i^-^^b^^Jtsu. lo 

n mUm<om 3 hiteigiJ^ 1 5 ^Mf^-T^o 
[0 1 1 6] Bfetc, 07 7tc^-t-J:5l^:. pS^«i*:S 

K— yufcs 0'-2 5 0 nmma^^^iisfsi/y =^:^m^ 

?l^^-r5®^(?:>pM^S(*:StSlc^^ffi<^^l</- hte 
»Bgl 3. ^2y-h*fei&)ffil4*5J:t/^3y-hil6» 

[0117] m^. mi s ic^-r-t ^ ic. m,^wmmm 
^(Dti^iD^?^! 1 ^rmm-r^o :i<D^mim. mi 

2y- hte^J^l 4(D='^iy^>^^mSti^^^t\*'^=^iy^l^ 

^m^m^'^xm2^-hmBmi 4(D^n^mnmz^ 

mM(Dmmxns mi^-hmitmi z:isxxfm3y- 
bfimm 1 5 y >mtmxm^ s 2 y~ h 
mmi 4i:->v =^i^mitmxm^\^x\i^^(D'c^ zj^y^ 
i^^mt\^x\^fz.t7L\^y ym.ih^m\^^f\^\^x,\^\ ^ 

Srffiv^i/he^ics/ h3L5,^>'>/fetc:»x.XHF;</>^S:^tf 

[0118] la 7 9 tcTj^-r J: p p s^wflcs 

ffil^DSJwLPCVDft«rj;!9 m^Sf Sfllffi;^ ii5 V ^ y 
=• :ymi\M 1 8 4r®^^S«l^^fi)cif^:rc«)(7?^rBl l 7 tS^^ 
^JwSii)5i^n'6J:pl-«Si-'5o ^LX. El 8 O 

pSij^»fleS4Sl^ffiiw»LXR I E(ZJ:6 
S*-i4^';/^>^^^Ti/>. mWS«[tB;^<7)i^v^'>y 31 V 
^<bMX«}fig$nfcm^SS®4 a is J: t/ 4 b*r?l^^-r 

[0 1 1 9] 138 li;i^i-J:5(;i. pSi^l^^ftS 
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"MiAWcM 1 0 i:m^-r^o n "StetfeS i o :t>' 
(0 12 01 0 8 2tc:^"rJ: 5tc:. hSffia 

^^^iisco n -^mmmm 1 1 «r?f^fiSi-r n 

1 1 «V :?|->'S£AaWi- <t t) h 3 *5 J: t/f->f K 
-^coiS(7>j8^^^(cJ:oT^AL^c?F*fiife^Si4^b-r 
[0121] ^^Id. pM^#<*:StRl<D^Di;wCVDfc 

mm 1 ^^?stt#ia«^ -ciRtos-rs c ici: ?) h 

m<^3ioJ:r/n +Si*AStJg 1 l-^n^-nc^^iDl:iiaiS!t,S 

mei 2?i^fi8s. jiieJ!$i^offiSc»c:^ofc*Kisoia» 

[0 12 2] /^ia, !EI;a^«L/j:v^;^^ 1^7 icopf^y 

[0 12 3] z(DX^\^. :^^m(Dmsmm(ommx 

[0 12 4] ^fc. S;^^SSIS4 aio<tt/4 b(7)5^-V^ 

6o ^tbl;iJ:t). mW»SS4 a*5<tt/4 bSr«-|^«;iBE 
B-e# ^ LT. m^^^a^ 4 a i: 4 b 2 h 40 

IfeaMi 4(;i<torm^6^i:i^^ic5>^$n-5<^T% m 

mwmm i 4 a ^ i 4 b rp^otisf^^ns:: e^^t^v^ $ 

bt-. m^»fflg4 a*5j:t/4 bfiy-;^®*. Ki^>f 
vfil«c. y~ hm^S3*5<tu^^i'^/L-MSc;Ji^?^«Mi<^ 

tej&^i 3ioxxj^m3(ot&mimi 5. K^bigi etcjio 

i4^^f*:p<^y ^li#t-C#;5o mi?fSa@4 a *5 J:(/4 
b^'i^- hmi^3(OifflSl5;i>^bf^i'^/u®i§ic^rfi]lcjgffiL 
Tfl^^^ttv miSS®S4 a*5J:t/4 bCOp t,<D^-r^ 
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[0 12 5] -fe>'W«igfiii^<7)CMOSXS-C 
[0126] ^ LT. :^^m(Om 8 iO|liS(D?g^rMi. 

[0127] 9 KkiZ. :^%m(Dm 9 

mm\t. ±.^(Dms<DmrM(ommi\^^\'^x. m? kdm 
mmi 4i:^mti.. 2-:>(7)mwwmm4 a^xxf4h 

^-«:^bS^^fe«^^^goTV^^)o 08 3«. :^^m<D 

±^mm^7jk-rmmmx^i>o (218 3iw^-rj:5i-. ^ 

mm4a. 4 b. ib^i;t/^2(7:);te,mKl 4tc:«xLT. m 

mwmm4 f i£Bufct<oT-^So 

[0 12 8] *^M(^^9o||ifio?^t®lc^6^ 

^^'t*^ ^ y (D^ ^ y ■t/KD»[3g;^i!fe^(21 8 4 7?;^I2] 8 
9^fflv>Tt$iBJ-r^o XlE(^^8 0^JS0?i^^i:f^«. 
^-fUls 4lc^i-J:5l-. ^-f^yi-mm2 3r^^f&;^H 

{*:StSi±tc:?f^^-r6p ^LT. 0 8 5t;i^-rJ:5lc:. 
[0129] (El 8 6 (C^-r J: ^ pS¥^#f*:S 

« 1 ±M{^'m^wmmti o/js $ v > y = v-^fkM^^fli 
L. 1 0 n majs<7)» 1 y- h^»jig 1 3 4:m^'r^o 

jvDii^xnoo mi^- hf&mmi 3mf^m. lpc 

S'-l 0 nm^?l^^f 5o iKv^T J VDjfe«;i<t D ®15f 
SSti;^^^/^^V^'>y ^i^^jk^^jtSU. lOnmS 

[0 13 0] »Ctw. 08 7(c:^i-<fc5«w. pSi|^#«s:S 

isi^®(:iL PC vDfeizj: 15 nm^tz.npm^f^'^i: 

h'-yi.tcS 0-2 5 O nmSeo^jg^i^y =i 
Mf^-t^mmco p 1 1 y- h/te 

SMI 3. v-y =ixs<kiBi 8*5j:t/^3y- hifeiRJK 
1 5^g£S'&&<j(;iK7-r3i3'-F-i^j/f ciw-c. m 

[0 1 3 1] 08 8ic::^i-J:piw. pSJ^^fl^S 
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~mi&mm i o srjg^-r 60 n ^mi^mm 1 0 ^> 

[0 13 2] »:t;i. 1^8 9 ;;:;^i-ct 5 hSfiis 

10133] pS^W(*:S«l(0±®|cCVDj!fe 

^4feJS^I»*-rtttf . El 8 3 td^ L7t y ^ y -feywfllig^Jis 
^^-t-5o 20 
[0 13 41 El^HU/^V^;^^, 1218 3CO;^^y ir 

/i-wit^fiK^. mmi&mmm^i:m. ^^^^^ vit^-f\^ 

[0 13 51 (^1 0(r>%li^ir>m&) ^^m<om 

n^ZtX^ S#5^:^^tc:*5Jt6m^aAa*0Dl6l±^ 
[0 1 3 61 1219 Olr;^-r<t 5^-. Cl(D7<^y ir/Hlp 

1 9 co^sicf^ 1 y~ h;te,^HE 1 3 ^ijt- i^xm 2 
<Dmmznm^wmm 4 a . 4 b it>m^$ti^. » 2 y 

- hitei&mi 4ioJ:t/m?tSSS4 a. 4h±\atm3 
hiteig^J^l 5^:frLTy- hmiS3^SK:ttbn'5o 

-yw;x.-<-f-9^s^Jte3tL. ^^D-t^-r K"?:*-— /W;^-<— 
1^9^DTg^5^^)nM^^^*:Sfil 9|;i|l. 
S&-r-5ffiTMfeSS</5 p-S!J2:aJl2 0 i:. ^K^p^S! 
m^mm 2 0 (7)^fiiIlc:ffiB'r6iB:T^*BifeiSS(^ p 50 
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Ji2 l;55^ttbn^o hm<13ioJ:0^p +^i2:gfc^ 
2 1 1 2;d589!ttP>tL6o 

[0 13 7] ^e>lw> *%P^(^mi OtT^^jte^T^^g^Cl-ff. 

'6^«^tt^^f*;^^y O^^y-feyi'WjgXfl. 

/W®ac2 5{;iSll2 6;05K:»t<bn6o r<OS^2 6(c:J: 
pSi^#<*S^lrt^^S^<7)»Sl*f6]l;imi^^a^ 

tt6m^oiiAa^;i^rS]±i-So 

[0 13 81 *^P>^0»1 0(75||J6(7D?gffi{;i«-6:^if% 

-r :yW$.^^'^mnW^m,(o p ""MiiitfeM 2 o <!: iS^iNfiife 

«ffi(Op "♦"Si£»S2 lX«^L/cLDD«5t^WbT 
v>6o ^b-C. h;tei^fla;ii5^iy- h*fe,mflMl 3 
(Tg) . ^2y-h*feaflEl4 (^r«1g) ib^i:t/^3 

tt. ^ 2 hffijftK 1 4 C0pd»g|5lw«S^Sf«ffiS 4 a 

i:u^4 bicm^^^au. ^<^)sss^^s*:i (1) mmm 

(2) mWSSe4 a(7D;^;55m^^S«UTV>;5t^^. 

(3) m^^SS4b^D;^;6Sm^<Sr^SUTV^e4^^. 

(4) m«SaS4a. 4 b^«;iS^$:S«bXV>:5<^ 
<^4o(D^^ffi^^ C(?D2oom#^SS4 

#v^mmJE<7)^^t:^)-<^ietgit$ft<^ "0 0". "o i\ 
"io\ "1 i'lc:MJS*i^6o ;io^^y"fe>'V 

^itXt^m^^^aS 4 a , 4 b fi^^;^VV^Sciia«f|5(7)± 
4 a. 4 b<7)m^C0gS:t^ffi(wfific#L/.^V\ X^tit^o 

X. m^^s^4a. 4 bom^<^ii^si-J:ejim^ 

(over-erase) ttl^Jh^tl. J: 19 iflm*i-3l2Sf 

#/^v\ *7t. y-;^m^ac^ K^-r>s«cr^^(7)y-i7m 

aSLfls^^y SrHmxt-So m#SS!S4 a:fc^J:t/4 bfi 

cvD&i:iJ:6mWSag^;^<^iiJv>>'y =i v^^'fbflMxtS 

fc. y ^jgs v' y >^^x^^-t-ti(^^ffi«c 
»iigx#6o ^ly- h^;g^]^i 3. msy- 

hJteiSKEl 5S:'>y =iVS^bi^ (S i O 2®) <?52fgS 

s^T^^s^^^-rsv-y ^'v^fkie (s i 3N4flg) x 

'y')^l^m\\Lm^%^Mt'^A. nm- l l n 

>g{bM<^ll®aSi?Ji 1 0 nmS^/ce(^X% iES^ h 
(DT) aAt,Re$n*V\ Lfc^a^oT. 
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[0 13 9] *:%0jcomi 0 <DnM<Dmm\^^>^^i^^ 

LrH/h«hx.tfT i O 2. Ta 205. Al 
2O5. PZT. SBT;65^6o 

[0 1 4 Ol *:^W(^IBl OcoHjffiOJ^ffi-ed:. y-;^ 
[0141] :^mm(Dm 1 0 CD||JB<^?^ffi(;ifi£,-5 

^w^^^'^v (Dmm^^^^xms nsxrjmo 2^m 20 

-rs^S^tt^^y (?5»r®l2lT*fc6o E19Uc^-rj:p 

m^<^aA;^Fpii^mw#aji4 b;jiMi®uTv> 30 
m^z^ht^x^h^ y-;^m«6fl'jom^^s^4 a cim 

(;iHlj!lD-r6SJE^±l5(7>S^<!rAix«;ttLl^^v\ - 

iryV(?Dm5fe{i. 12) 9 2 J: ^ t^i. V-V 

Gi;i:^miE (~-5V) ^RiJtiPL. i^?^- • y K 
^N-Ti^ (FN) Mh>^^>'Wffl;a^**iffiUXm#^Se4 
a. 4 b^>^bm^S:§l#St< c:<hT*?Tt3n-5o ^ 

-etL^(O^^y-fe:/P^^ibP30*lwm^^§I^S< 

^5-c§r6o wco*^. y-;=^s; Kw->r ^^ofinSiif^^ 

tSlom<i<i:«S^^ejEmiE«: Ku-O-Dtw^APL. y 
-^S4:i^iSS{4 (Floating) Ku^^DffliJ 
<^®l5rS«[^4 a <7);t^d^e>m^S:§l#&< C 1 1 ^1IB-e 

3b5o y-;^sift'j<^m?sfss@4 bo;^?5-^m^^^^i# 

lo 1 4 2] ^fcig^«L/^v^;&s> 7<^y-fe/KOgg^Ui 50 



2001-156188 

40 

(^-y^/i'3>/^>:.>5^>;^) ;{i5SEia-rs::i:^*i) 
ffl-r6t<^X*>So y— -JJ^S. Ki^-fi^Dco^ib^tc:/^ 
-r r -r 6 ;i^»imi5^feit^t4(75^gi ^tt -5 ^ 

ia«i-ixt^cti>o m^^S^ 4 a *5J:l/4 b(0 4 oco« 
attffi(wJ:oT4o<0S/jjemSffie^^tt;5M#P>H. ^ 

[0143] ^Sk(c:. 1 0 (T:^%m(owm\z.^^^ 

^W^^:^ ^ y cov/ ^ y iryKOjStit:^^^!!! 9 3 7!?S(il 
1 oiSr^v^xiftiq-rSo ^-rigs 3»w^i-J:5(c:. ^ 

7. by<y->2 7^. n§i^^(*:Sffil 9 Ji|C?l^^ig-r 

J:o-C, nli^^f*:Sffil 9 4r:3i5/^>^^i-6C<tT% 

[0 14 4] ^J:tC. 1219 5lC^i-J: n^^^f*:^ 
«l 9t^®ir®WS«S6;/3«0/h*VNv'y =i:/S{kfll^iS 

1 0 nm^Olgl y- hJfe^Ml 3^Jl^^i- 

Xf^J VDfeXtT5o miy- hl6)»JKl 3JI^^«. C 
VDft;:iJ: v-y ='>'®?{b^*itab> S-lOnmS 
itt?5m2y- hJ^/^Kl 4^fl^^-rSo ^EVNXJVDfi 

[0145] HI 9 6 IC^-TJ: ^ n§i4^#(*^ 

tSi 9^®l;iLPCVDf:felcJ:f9 n§J^:rcl;ipS^i3fii^ 
^ K— :/Lfci5 0 — 2 5 0 nmUm(0^f^&iyV ^'^m 

[0146] mz. El 9 7 J: (c, m^wmMm' 

i^m^m\^^xm2^-hf&mmi 4<Dii^^^mnmz^ 
-h^mmi =^:^mtmxmf&\^. m^y-v 

[0147] 098 KCTT^-ti^ b tC. nSJift^ftS 
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V >mtm 1 8 i:m^wmmj^^(Dtitb<D^m 

J: 5lritflli-5o ^LX. (21 9 9 Id 
;^1-<fc5l-s nS!4^«f*^S«l 9^®iC^LTR I Eld 

v^{bMT-«^ $ intLmMWmm 4 a J: 0« 4 b S:?^ 

[01 4 8 ] ^Sfel^. El 1 0 OtC^-TJ: p Iw. nm^MVf 
Sffi 1 9 :^ffilwK<fc:K[ 1 6 Lfc^. i6:^*fiiK»«S 

1 0 1 4 9 1 ^sfe^c. El 1 0 1 ic^t-J: p id. Km>ffi 

3<7)fiiiS(-1^-f K^>:r->'u;^-<— !^9^?^figL.fcm. iii 
^mmmS,(D p +S!t£gfcg 2 1 %:m^ir^. p 

K!^:^-/^'^-<-1^9^-^^^5^ ^ LXpM^j^i^^aA 
^(^)«i7)f»^3®icJ:oT^AL^^j»«»^ffi14{b'r 

^ztx-mf^SL-r^. 20 

[0 15 0] n^^^^ftcSSl 9<^t^®tCC VD 

1 9 ^^?£i4#ia^4'T*iift^s-r'5 r Id J: 19 y 

[0151] fj:^^ m7]knLfj:\^^7f)^. m9 otD^^v-^ 30 

^(Dm'^cD cMo smm^im^mik&x. mm-^fji^m 
[0 15 2] :^^m(omi omm(7:f^mx 

[0153] ^fc. m^Sa^ 4 a *5<tt/4 b (7!)^^^ 
>'US::^f^coitgfimi<>'- hJfeaKl 3:fe^J:U^m3y- h 

J: a?ic s/ ^ v;/^raoraS5 Id J: o r \:immx ^ 

5o ^n;dj;i<). m^Sfll^4 a:JoJ:t/4 b^^^ij^ldgE 

uxt 5o -e UT. sisfsas 4 a 4 b 2 h 

iteiSKl 4ldJ:oTm^«jtd^tfeld5J^ffl|$nsoT% ® 
iSSSJi 1 4 a <!: 1 4 b P^coffiSf^^llfid ?5>tv\ S 50 
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^Id. l;itS«^4 a*5j:ti^4 biiy-;^?iJiS. Ku-f 
V^Sc. y-h®«3^3j;t/5^-^^/l^Jgc^^p5f;j:^l(7? 
*fe,^l 3;fcJ:r/m3(7)iteiltflIi 5. mitB:! 6 (dJ:o 
X^:^(djte^$tL^o-C\ nM%^^^<r^%Mz.^n^ 
1iif^««:^^y SrlittT?#6o «?Sr«ffl^4 a*5J:0?4 

^^m^mco^ii^co'mMwm^mz.x^x/'^ v -tryi^om 

[0 15 4] $e>ld. -fe/l-fllit^jl^OCMOSXS-C 

[0155] ^ UT. *:^W<7)M 1 0 (^Hffit^J^^-C 
fi. *t5^^^om^aAS!ifip^lPlJi$^6::^;iSx-# 

[0156] mil (r>mm(omm) »cid. 
1 i(Dmm(Dmm\^-o\^^xmM'r^o ^^m(7)mi ko 
mm<Dwm\t^ ±.'^<omio(D'mm(Di^m\^^y*^x^ m 
9 0 (omm^^m ^^t mm^mm 4 b PBUdgae $ ti/c 

m2 0ite;^^l 4^^^^ 2 OOOmi^Sa^ 4 a *3 
J:t54 b tr-<*:{^:$-^/c«^$:S^oXV^6« El 1 0 2 
li. *:^PJco^l l(^)|ljBSco?^^td>^6^^^14^#(2t: 
(^^^yir/H«ig^^t- 8fr®BIX*)-5„ 010 2 
id;^i-<t5Jd. dKDp^^y -t/i-Pigii, ±ie(7)mioco 
*i6co?i^^omiSf^a^ 4 a. 4 b. ^x.rjm2(DimL 

JRl 4ld«|xLT. SW»aS4 f gBBLfctt^Xfc 

[0 15 7] ifeid, :^^m(omi i(om:m<oirm\^^^^ 

^«^1*^^y Op<^y-fe:yP<^S«jg:^jSfe^rll|l 0 3 71;^ 

01 0 8^fflv^rlft0^-r5o ±'^(omio(Dmm(Dmm, 
tmm. ^'f'Ei 1 0 3id;^-r<t 5 Id. s 

7^. n®^»tt:SSl 9_bld?^fiJc-t-6o UT. 01 
0 4 Id^-Tct ^ Id. /c^x^tfR I EfeldJioX. nS^ 
#«i:St51 9«r^s/f^>^i/i-5C^X. iaM2 6^?^j* 

[0158] ^Skld. El 1 0 5 |d:o^-r J: 5 Id. nS^Sff 

S«i 9^ffiidm^SSlB6;^<75/jN$v>>^y nv^fbM^ 
itau. 1 Onmmigco||iy-hJfe,^Ml SSrJf^^-t- 

m^^sat6;^o/^$v^v'y ri^/^fbMcoitfflttys:^ 

J VDfc-efr^o ^iy-hjf6;^^l 3?g^^. L 

p c V D&ld J: 0 m^Satg;^coiSv> v- y i 

8*5-1 0 nmSSJI^^-t-So iKt^T J V D&ld J: t) 

m^?fSSSS6;^^^W^$v^v^y = v^{t:fli*itfflL. i o n 

mggom 3 hitfeS^fll 1 5 Sr?^fi8t-6o 

[0159] ?kld. 0106 Id^r J; p Id. nMi|^^«tflc 
Sffil 9:±ffildL PCVDi£ldJ:!9 n^^^tlipS^i^ 
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h^-yi.fc5 0 — 2 5 0 nmU&(0^f^&iyD =iv 

mi:mf^'r^mm(Dnm^mt^m^ i 9 <Dm^(Dm i y 
[0 16 01 »:(c:. mio7\c7jk'rx^{z. nm^^mi*^ 

1 9 ^® ffi^fbfli 1 6 ^Ji^^ L/ct^. 10 

p -MfcSfcJi 2 0 ^mfA-r^o p ""MteSfcs 2 0 n>r 

[0 16 11 lai 0 Sic^-TJ: y-hmS 

^)i3fii^iSS<^ P 2 1 ^?^;*i--5o P +3i*tftfi: 

Ji2 l(:i>r ;d->-&Aa«t;iJ:!9y~- hmi^3*5 ctT/1^-Y 
K -yV-^^^-f" 9 ^-7;^ <b L"C p §J^i^«J^^A 
^co^(^^^lltcj:oT^AL/c^iKi»S:fil14ft:-r 20 

[0 16 21 ^Sfe^w. n^i|t*fls:S1Sl 9<7)^®tCCVD 

»mm 1 9 ^ c ^ tc J: t) y 

- h«fii3i3j:t/p '^mmimm 2 1 ^ti^^tKommi^m 

m.^±miyv-^-( h^xmj^^ti^mmm 1 2 ^m^-r 

^i-mmr^^-tho 30 

[0 16 31 mi 0 2(0;^^V 

(01641 (^12 (Dm:m<Di^im llk\^. 

1 2<r>nm(owm\^^^^xm.m'th. mio 

m(Omi 2(7)||J6(DJi^^|C^6^»^tt^#«C^^y (7) 

[0 16 51 *%0>^t^»i 2<D'mm(Dmm\^^^h 
^n^\^;^^)}<o;^^])^j\^<omm:^^^mi lojbm. 
mi 1 s^m^f^xwim-tho ^-rmi 1 o\z^'r^v 

h U-v^;^ h/^•^-V2 7«r. n^^^«5:S«l 9JilC?|^ 
ric-t--5o -^rLT. m 1 1 1 (w^-f-t 5 Jw. fcirxiffRI 
E&lCj:o'C. n®i|^S(*:Sffil 9«:^iyf^:x^i-e>l 50 
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tx% SM2 e^mf^-tho 

[0 1 6 61 ^fcid. Hi 1 2jc^-rj:pic. nm^^mt^ 

mmi's ionmu^<Dmiy-bimmisi:m^i' 

J vD^feT-tf 5o mi^-b^mi zm^^ik. c 
vDm\:i^viyv ^^i^mitrntrmmi-. 5-ionma 
m(Dm2y-[^mmmi 4i:m^-tho m^xjvuw: 

1 onmmm(oms^'-bmmmi s^mj&^ho 

{Z. n§l¥^«(*:SSl 94fe®ICLPCVDfe{c:J:*9 
*/cllpS^*6«J^ K-:rU:^5 0-5 0 Onmmm<D 

(01671 ^fel^l. jg| 1 1 3 Id^t- J: 5 i-. {fcl^^W^tS 

J: o X . i^jgs y i 9 oiSj?>iZ,;^^ 

n^4^#f*:SSl 9_bl^^^¥*f ^mit^y- hite^m 

^13. ^2 coy- h^mmi 4^xrjm3(D>!f— hjfe 

(01681 [gl 1 1 4 J: o til. mW^aS 

1 y- hm^tmi s^xx/ms^- ht&mLmi s j; t) t> 

V:^?S^^v>xm2y- hiffigt^i 4co«gi5^^5^6^;c: 
2co^SEo?!^^Xfi. Hi hKfk^l 3*5J:t/^3 

y- h itea^ag 1 5 y =1 >-^{bJ^xt^* m 2 y- 
bimmi 4^i^v =^i^mi\:Mxm^\^x\^^h(ox. 

*fc. mffifSS[S?i^^<^/ca6<o2gF^i 7fi. 31 y^^^/ 

ts:^:^^m\^^±zf=7:^'^ Vy^:^y^y^WiXm^\^X 

[0 16 91 1211 1 5lc^-rj:pic:. nSi^l^^^^ 
S«i 9^gD^wLPCVDjfelc:J;9«^«f»«SB;^c>^i5v^ 
y 31 v^ibK 1 8 ^m#sasj^^(7)7tj^c^^rpi 1 7 

;05^:^(cSd^)i^^tL^J:5lwita-r^o -?:L.T. Ell 1 
6 Id^r J: 5 J-s n m^mi^mm 1 9 :^Mic:5* LT R I 

v^y =i>^ft:JKXl»i*5?n/b«#SSe4 a4b^<tt/4 b 

[0 1 7 01 HI 1 7lc^-rj:5lw. n®i|t#«: 

:^>^Aa«t-j: oy- bmmsi:'^^^ tLxpm^ 

*fiJfe<lr^AL. ^c7D^(OfK^^3®ic:J:oTaAU7t:?F»eife 

[01711 ^Sfet-s EI 1 1 8 tci^-r J: 5 y- hSffi 
SODftiJillci^^ K57;«r-->'^:^-<— !^9*?gfi^Lyi:S&. 
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^f^mmm(D p -^mtit.w^m 2 1 ^w^^SL-t^. p 

K'>;i--/i-:^-<-f- 9 ^-^y^^ t LT p^^j^i^^iiA 
[0172]^SfelC. nS!it^«t«cSffil 9(0^®trCVD 

- hm<^3*3J:t5p '^m.^^m2 i-t-n^'tico^ffi;rii5 10 

MMs^m^y])^^ vx^mf&^t\.^mmm 1 2 

[0 17 3] /.^:Jb\ HI 1 0 9 <7)p< ^ V 

[0 17 4] (^1 ^(r)'mm(owm) ^\^. :^mM(nm 20 
1 3c^)iijs6(7)?i^si-ov>TiftB^-r'6o ±U(om\7bmm 

iy:?'^- h^iSatib-r^K^^i^/^^tiTV^-S (T. Ghani 
et al. . IEDM99, p415) « ^(7)^1 3 0||j(rfiO?^ffi 

[0 1 7 5] Ell 1 911. 3 CO 

ic:>0^6^fig^tt^^^*^ ^ y O;^ ^ y -typ^jg:$r^-r^ 
MElT-fe^o wO^^y-fe/WlnMMOS Vv^;^t5^ 
T*«^*n6c *IS?^<^5mi 3 0||ffl<^^ffi(;i>R5^fll 
^11^^{*;^^y (Dp'^y-fe/U^gatT'll. pSl¥^^f*:S 

#Ilfla5rtlC:«. m#^S^4 (4 a. 4b) t^W^fA 40 

1K3 0;j|5JI^^S?^xTV>-5o -i^- hm<13co#J®|rfigf'fb: 
Ml 6Sr^LTf--f K!?;*--/^::^-<— t^9^5K^t^btt. 

::toi^-r Ke^;^-/^;^-^— ■^^9coT^fi5op5!¥^^^^:Stg 
[01761 :^^W(om 1 3 <o^m(Dmm\^^^i>^m^ so 
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^LT. hm<i3(7)f^«g|5IC*imi^^«e4 (4 

a, 4 b) i^mf^^tl^o C(D2r><Dm^Wmm4 ai6 

j:t54 Mc:m^=-*sau. (1) wmw 

mm4k. 4 b^7)v^■f;^^^m^^#aUTV^/^l,^t^ffi. 

(2) a;^WSa^4 acD;^^;iSS^^^®UXV^:5^*^. 

(3) mmwmm4htD;^tm^^wm\^x\^^^v^m. 

(4) m'^¥SSl^4a. 4 b#^(c:mi^^^SL.TV>'54^ 

(?5 4o(D4^te*i: !9#eo ci<^)2oom^sas4 

a :}b* J: 4 b Jc««F $ fitim^<r>mm\z J: o 5 L 
"10'. *'l I'liiMi^^^-^^o ^fzs :l<d?^^V±/i^ 

mmxnm^wmm 4 Ji5^-v^yv^iac5§8a5(^-t:^(;i{ti:@ 
yu-^iScD^jfjfiife^iigcT^^x**^ D . mmwmm 4 om^^ 

m^<OT&^Si\^^^i&m^ (over-erase) WB^JhSH. 

^Hlcj; !9ig?^'*(;i^[a-r^y-i5'^S. :7^u^^a?f 

K u>f i^ffi«cra(^ y -iJ^msttfiy- hWEiD^x-v^mx 
^. iiiffjKtt(7)^»^^^^y ^^mx-^6o m^^S 
^4^icvDfe{;lJ:6mw^at^;':^^^gv^v'y ^'^^mit 

mm<L\:im^^wm-r^ :itx. rif^tmm<omm\:im 

5o */c. v-y^^^^. ^f^^ei^v ='>'mxmf&'tti^ 

y=i>«5^bfll (s iOafll) <^2{gaS(7:'i^m^^^-r 
-sv-y 3>'M{bJ^ (s i 3N4M) xm^-rti\^. i^y 

V«?fkJS«»IK/i:;55 4 n 1 1 n mSJS<0#^^tcW 
til 0 nmSS/^(7)T\ lE^ h ^^-^S^/W (DT) ^At>IS 

[0 17 71 *%W(^S1 3(0|?«E(OJJ^ffil;i^6^»^ 

t^;^^y op^^y -fe/vxfi. y-:^mi^^^xj^h*i^^ >' 
mm(OMiJEi^±(Dn&^xn'^mij2:mmi o^^if. ld 

[0 17 8] iskid. *:Mi«(?5mi 3(Dmm(omm\:i^.^ 

^ai^tty^y <^5i!if^J;:ov>TBIl 2 0i3J:t/Ell 2 l 

^m\^^x^m-ri>. lai 2 0fi. ^^i2^^mi^^wim-r 
^^m^i^?^ V (ommmx;^^. lai 2 ui. m^m 

nXXfmi 2 l(^);^^y-feyV/HnMMOS h^l^iy:!^^ 
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4~5 vmJK^^n.^'n^;tjpL. y-;^s^^lfei--5o 

z<ox^^zm&^mML. ^-r^/ufs^m^^ (che) 
m^* K w-r >®«<fidcom^5fSS® 4 b {zmx-r^o j 

12 1 \z.7fiir^ 9 tci. h Gtw^mJE ( 5 V) 4r 

Si;?jDL. :7t ^7 7- • y/i- hv>-r J^^ (fn) ^^h^^^/v lo 

< r ^-CfTt?ix^o hG;^s^g|S(7)>?<^y•fe/V' 
T^^^nTV^6»^lw|l, ^n^(D;^^y-fe:yV;i)^tbl^ 

S. K>>f ^Dfip®¥»ft:Sffil ^I^Sffi^m*^ J: 
v\ lifc. p§!4^^flcSfil(^«ffi^ttft/j;-5iEmJE^ 

ng) i: -rnf^. K U'-Y ^m^s^yt^mwss® 4 b (OTi^t^ 

[0 17 9] ^^cla^^lL/<^V^/Jl^ ;?i^V±/l-(Dm^tti 

a«^i:ictoTy-;^^«c. Ku-^^^SittScifi^tT^msEe 

lO 1 8 0] ^5>ClC. p^MOS h^V-v?^^T-«^$n 

<7)ibf^t;ioV>T(g) 1 2 2:fc*cJ:U«[a 12 3 <S:ffiV ^XiaP^-T 
60 1^1 2 2fi, #^iZ.^ibf^S:l5i5g-r^»^»^ttp«^ 

i^^^j^^v<Dmmmxh^o lai 2 2*5j;ti^(gi 1 2 3 

m 1 2 2 Id^-Tct 9 Id, 7<^y iryKD#^i^;i^^ic:fi. 40 

^^cfiijcom^Sf^a^ 4 b icm^sr^A-r 5o y-^€i«c 
lyD^ y-^s^n^'Hi::w^o-r5mjE<^jifa<b An# 
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[Claim(s)] 

[Claim 1] A nonvolatile semiconductor memory characterized by having 

a 1st gate electrode arranged via a gate insulator layer on the principal plane of a semiconductor 
substrate, 

the aforementioned charge accumulation layer arranged on the side face of said 1 st gate 
electrode, 

a 2nd gate electrode on the side face of said 1st gate electrode with the charge accumulation 
layer inbetween, and 

an electric conduction layer which connects electrically sjaid 1st and 2nd gate electrodes. 

[Claim 2] The manufacture technique of the nonvolatile semiconductor memory characterized by 
including at least 

the process which forms the 1 st gate electrode over a gate insulator layer on the principal plane 
of a semiconductor substrate, 

the process which forms a charge accumulation layer and the 2nd gate electrode one by one on 
the side face of said 1 st gate electrode, and 

the gate electrode of the above 1st and the gate electrode of the above 2nd. 
the process which forms the electric conduction layer which connects electrically 

[Claim 3] The nonvolatile semiconductor memory characterized by having 

the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator layers arranged on 

the principal plane of a semiconductor substrate, 

the charge accumulation layer arranged at the edge of the 2nd aforementioned insulator layer, 
and 

the gate electrode arranged on the aforementioned gate insulator layer. 

[Claim 4] The manufacture technique of the nonvolatile semiconductor memory characterized by 
including at least 

the process of forming the 1st, the 2nd, and 3rd insulator layers one by one in this order on the 
principal plane top of a semiconductor substrate and which forms the gate insulator layer which 
consists of the 1 st, the 2nd, and 3rd insulator layers, 

the process which forms a gate electrode by carrying out patterning of this gate electrode 
component and a gate insulator layer after depositing a gate electrode component on the upper 
part of this gate insulator layer, 

the process which removes the edge of the 2nd aforementioned insulator layer alternatively and 
forms space, and 

the process which forms a charge accumulation layer in this space. 

[Claim 5] The semiconductor memory characterized by providing 
the nonvolatile semiconductor memory which has 

the 1st lower insulator layer arranged on the principal plane of a semiconductor substrate, 

the 1st middle insulator layer arranged at the upper part of the center of the 1st lower insulator 

layer, 

the 1st charge accumulation layer arranged at the upper part of the edge of the above 1st lower 
insulator layer, 

the 1st upper insulator layer arranged at the upper part of the above 1st middle insulator layer 
and the 1st charge accumulation layer, and 

the 1st gate electrode arranged at the upper part of the 1st up insulator layer 
and 

the volatile semiconductor memory which has 

the 2nd lower insulator layer which has been arranged on the principal plane of the 
aforementioned semiconductor substrate and which consists of the same material as the interval 
insulator layer of the above 1st, 

the ultra-thin insulator layer arranged on the principal plane top of the aforementioned 
semiconductor substrate and to the ends of the 2nd lower insulator layer, 

the 2nd charge accumulation layer which has been arranged at the upper part of this ultra-thin 
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insulator layer and which consists of the same material as the above 1st charge accumulation 
layer, 

the 2nd upper insulator layer which has been arranged at the upper part of the above 2nd lower 
insulator layer and the 2nd charge accumulation layer and which consists of the same material 
as the above 1st upper insulator layer, and 

the 2nd gate electrode arranged at the upper part of the 2nd upper insulator layer. 

[Claim 6] the semiconductor memory characterized by providing 
the nonvolatile semiconductor memory which has 

the 1 st lower insulator layer arranged on the principal plane of a semiconductor substrate 

the 1st middle insulator layer arranged at the upper part of the center of the 1st lower insulator 

layer, 

the 1st charge accumulation layer arranged at the upper part of the edges of the above 1 st lower 
insulator layer, 

the 1st upper insulator layer arranged at the upper part of the above 1st interval insulator layer 
and the 1st charge accumulation layer, and 

the 1st gate electrode arranged at the upper part of the 1st upper insulator layer, 
and 

the volatile semiconductor memory which has 

the ultra^thin insulator layer arranged on the principal plane of the aforementioned 
semiconductor substrate, 

the 2nd charge accumulation layer which has been arranged on this ultra-thin insulator layer and 
which consists of the same material as the above 1st charge accumulation layer, 
the 2nd upper insulator layer arranged on the 2nd charge accumulation layer, and 
the 2nd gate electrode arranged on the 2nd upper insulator layer. 

[Claim 7] The volatile semiconductor memory characterized by having 

the lower insulator layer which has been arranged on the principal plane of a semiconductor 
substrate, 

the ultra-thin insulator layer arranged on top of the principal plane of the aforementioned 

semiconductor substrate and at the ends of this lower insulator layer, 

the charge accumulation layer arranged at the upper part of this ultra-thin insulator layer, 

the upper insulator layer arranged on top of the aforementioned lower insulator layer and a 

charge accumulation layer, and 

the gate electrode arranged at the upper part of this up insulator layer . 

[Claim 8] The volatile semiconductor memory characterized by having 

the ultra-thin insulator layer arranged on the principal plane of a semiconductor substrate, 

the charge accumulation layer arranged on this ultra*thin insulator layer, 

the insulator layer arranged on this charge accumulation layer, and 

the gate electrode arranged on this insulator layer. 

[Claum 9] The semiconductor memory characterized by including at least 

the process which forms the 1st insulator layer on part of the principal plane of a semiconductor 
substrate, 

the process which forms the 2nd and 3rd insulator layers one by one in the part other than on the 
principal plane of the aforementioned semiconductor substrate and the upper part of this 1st 
insulator layer, 

the process which deposits a gate electrode component on the upper part of this 3rd insulator 
layer, 

the process which forms the 1st gate electrode by carrying out patterning of this gate electrode 
component, the 3rd aforementioned insulator layer, the 2nd aforementioned insulator layer and 
the 1 st insulator layer, 

the process which forms the 2nd gate electrode by carrying out patterning of the aforementioned 
gate electrode component, the aforementioned 3rd insulator layer and the 2nd insulator layer, 
the manufacture technique process which removes alternatively the edge of the 2nd insulator 
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layer of both the 1 st and 2nd gate electrodes, and thereby forms space, and 
the process which forms a charge accumulation layer in this space. 

[Claim 10] The manufacture technique of the semiconductor memory charaicterized by including 
at least 

the process which forms the 1st, the 2nd, and 3rd insulator layers one by one on the principal 
plane of a semiconductor substrate, 

the process which forms the 1st gate electrode by carrying out patterning this gate electrode 
component, the 3rd aforementioned insulator layer, the 2nd aforementioned insulator layer and 
the 1st insulator layer after depositing the 1st gate electrode component on the upper part of this 
3rd insulator layer, 

the process which forms the 2nd gate electrode formation field by removing the aforementioned 
gate electrode component, the 3rd aforementioned insulator layer, the 2nd aforementioned 
insulator layer and the 1st insulator layer of part of principal plane of the aforementioned 
semiconductor substrate, the process being simultaneously process performed with the 1st gate 
electrode formation process, 

the process which removes alternatively the edge of the 2nd insulator layer of the above 1 st gate 
electrode, and forms space, 

the process which forms an ultra-thin insulator layer on the principal plane of the aforementioned 
semiconductor substrate, 

the process which forms a charge accumulation layer in the space of the above 1st gate 
electrode by carrying out anisotropic etching of this charge accumulation layer component after 
depositing the material which constitutes a charge accumulation layer 

the process which forms the 2nd gate electrode by carrying out patterning of the 2nd gate 
electrode component, the aforementioned 4th insulator layer, aforementioned charge 
accumulation layer component and ultra-thin insulator layer, after depositing the 4th insulator 
layer and the 2nd gate electrode component on the principal plane of the aforementioned 
semiconductor substrate. 

[Claim 11] The nonvolatile semiconductor memory characterized by having 
the heights arranged on the principal plane of a semiconductor substrate, 

the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator layers arranged on 
the principal plane of the aforementioned semiconductor substrate containing these heights, 
the charge accumulation layer arranged at the edge of the 2nd aforementioned insulator layer, 
and 

the gate electrode arranged on the aforementioned gate insulator layer. 

[Claim 12] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a heights on the principal plane of a semiconductor substrate, 
the process which forms the gate insulator layer which consists of the 1st, the 2nd, and 3rd 
insulator layers by forming the 1st, the 2nd, and 3rd insulator layers one by one on the 
aforementioned semiconductor substrate containing these heights, 

the process which forms a gate electrode by carrying out patterning of this gate electrode 
component and a gate insulator layer after depositing a gate electrode component on the upper 
part of this gate insulator layer, 

the process which removes the edge of the 2nd aforementioned insulator layer alternatively, and 
forms space, and 

the process which forms a charge accumulation layer in this space. 

[Claim 13] The nonvolatile semiconductor memory characterized by having 

the heights arranged on the principal plane of a semiconductor substrate, and 

the gate insulator layer which consists of the 1st and 2nd insulator layers arranged on the 

principal plane of the aforementioned semiconductor substrate containing this heights, 

the charge accumulation layer arranged between the 1st and 2nd insulator layers, and 

the gate electrode arranged on the aforementioned gate insulator layer 
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[Claim 14] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a heights on the principal plane of a semiconductor substrate, 
the process that forms the 1st insulator layer, a charge accumulation layer component and the 
3rd insulator layer one by one, on the aforementioned semiconductor substrate containing this 
heights, and 

the process which forms a gate electrode by carrying out patterning of this 1st insulator layer, a 
charge accumulation layer component, and the 3rd insulator layer. 

[Claim 15] The nonvolatile semiconductor memory characterized by having 

the concavity arranged on the principal plane of a semiconductor substrate, 

the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator layers arranged on 

the principal plane of the aforementioned semiconductor substrate containing this concavity, 

the charge accumulation layer arranged at the edge of the aforementioned 2nd insulator layer, 

and 

the gate electrode arranged on the aforementioned gate insulator layer. 

[Claim 16] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a concavity on the principal plane of a semiconductor substrate, 
the process which forms the gate insulator layer which consists of the 1st, the 2nd, and 3rd 
insulator layers, by forming the 1st, the 2nd, and 3rd insulator layers one by one on the 
aforementioned semiconductor substrate containing this concavity, 

the process which forms a gate electrode by carrying out patterning of this gate electrode 
component and a gate insulator layer after depositing a gate electrode component on the upper 
part of this gate insulator layer, 

the process which removes the edge of the 2nd aforementioned insulator layer alternatively, and 
forms space, and 

the process which forms a charge accumulation layer in this space. 

[Claim 17] The nonvolatile semiconductor memory characterized by having 

the concavity arranged on the principal plane of a semiconductor substrate, 

the gate insulator layer which consists of the 1st and 2nd insulator layers arranged on the 

principal plane of the aforementioned semiconductor substrate containing this concavity, 

the charge accumulation layer arranged between the 1st and 2nd insulator layers, and 

the gate electrode arranged on the aforementioned gate insulator layer. 

[Claim 18] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a concavity on the principal plane of a semiconductor substrate, 
the process that forms the 1 st insulator layer, a charge accumulation layer component and the 
3rd insulator layer, one by one, on the aforementioned semiconductor substrate containing this 
heights, 

the process which forms a gate electrode by carrying out patterning of this 1st insulator layer, a 
charge accumulation layer component, and the 3rd insulator layer. 

[Claim 19] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a concavity on the principal plane of a semiconductor substrate, 
the process which forms the gate insulator layer which consists of the 1st, the 2nd, and 3rd 
insulator layers by forming the 1st, the 2nd, and 3rd insulator layers one by one on the 
aforementioned semiconductor substrate containing this concavity, 

the process which forms the gate electrode embedded at the aforementioned concavity by 
removing this gate electrode component by the chemical mechanical polishing technique after 
depositing a gate electrode component on the upper part of this gate insulator layer, 
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the process which removes the edge of the aforementioned 2nd insulator layer alternatively, and 
forms space, and 

the process which forms a charge accumulation layer in this space. 

[Claim 20] The manufacture technique of the nonvolatile semiconductor memory characterized 
by including at least 

the process which forms a concavity on the principal plane of a semiconductor substrate, and 
the process which forms the 1 st insulator layer, a charge accumulation layer component, and the 
3rd insulator layer one by one on the principal planei of the aforementioned semiconductor 
substrate containing this concavity, 1 

the process which forms the gate electrode embedded at the aforementioned concavity by 
removing this gate electrode component by the chemical mechanical polishing technique after 
depositing a gate electrode component on the upper part of this 3rd insulator layer. 

[Claim 21] The nonvolatile semiconductor memory characterized by having 

the gate electrode arranged through a gate insulator layer on the principal plane of a 

semiconductor substrate, 

the concavity arranged at the edge of this gate electrode, and 

the charge accumulation layer arranged through an insulator layer in the upper part of both a 
channel field and a source drain field at this concavity. 
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[Detailed Description of tlie Invention] 

[0001] [The technical field to which invention belongs] 

This invention relates to an electrically programmable and erasable nonvolatile semiconductor 
memory and Its manufacture technique, a high speed programmable and readable volatile 
semiconductor memory and its manufacture technique, and a serniconductor memory having a 
nonvolatile semiconductor memory and a volatile semiconductor memory on the same chip, and 
its manufacture technique. 

[0002] [Description of the Prior Art] 

In non-volatile memories, such as conventional EEPROMs (Electrically Erasable and 
Programmable Read Only Memory), a 1 bit information is memorized in one cell by realizing two 
different thresholds in one cell. 

On the other hand, for the formation of memory high-density, four or more thresholds are given to 
one cell, and the technique of memorizing the above information in one cell by 2 bits is proposed 
(M. Bauer et al., ISSCC95, and p. 132). 

However, in order to realize this technique, an exact control of the threshold voltages, the exact 
detection for small changes of threshold voltage, and further, a charge hold reliability more than 
the former are required. 

Therefore, with this technique, a performance equivalent to the former can actually not 
necessarily be obtained. 

Moreover, this technique also has the problem, that the manufacture yield is tow. 
For this reason, the cellular structure which memorizes a plurality of bit information by 
accumulating a charge in a plurality of physically different positions is newly proposed (B. Eitan 
et al, IEDM96, pi 69, and Fig. 6). 

Moreover, as a similar cellular structure to this, a structure providing a charge accumulation layer 
on the side wall of the gate electrode has been proposed by this invention person before (U.S. 
patent number of No. 4881 108). 

However, the manufacturing process of these cellular structures is very complicated, and has the 
problem that the controllability of a channel field is not enough, either. 

[0003] On the other hand, from the demand for system-on-chips of these days, the necessity of 
realizing an electrically writing-in erasable non-volatile memory and a high speed writing-in 
read-out erasable volatile memory on the same chip is increasing. 

Especially, the demand for VLSI, which combine a high speed operation dynamic RAM and a 
non-volatile memory with a floating-gate structure such as EEPROM and flash memory, is 
increasing rapidly. 

However, the memory cell of a dynamic RAM in recent years has very complicated 
three-dimensional structure called trench structure and stack structure. 

For this reason, if it is going to combine floating-gate type non-volatile memory and a dynamic 
RAM, from the difference in the memory cell structure, a manufacture process will be 
complicated and the number of mask processes will also increase. 
Therefore, the manufacturing cost of the combined chip will become very big. 

[0004] If the memory cell of a dynamic RAM is realized using the memory cell structure of 
non-volatilized floating-gate type memory, it is possible for a manufacture process to be 
simplified by communalization of the cellular structure and to reduce a manufacturing cost by it. 
However, in the communalized memory cell, it is difficult to realize the high-speed writing which 
is the characteristic feature of a dynamic RAM. 

[0005] [Problem(s) to be Solved by the Invention] 

This invention is accomplished in view of the above-mentioned situation, and aims at offering the 
structure of the nonvolatile semiconductor memory which can memorize the two or more bit 
information with an easy cellular structure. 

[0006] Other purposes of this invention are offering the manufacture technique of the nonvolatile 
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• semiconductor memory which manufactures the nonvolatile semiconductor memory which 
memorizes a two or more bit information in an easy manufacture process. 

[0007] The further other purpose of this invention is offering the structure of a semiconductor 
memory with an easy cellular structure having an electrically programmable erasable 
non-volatile memory and a high-speed read-out write-in volatile memory combined. 

[0008] The further other purpose of this invention is offering the manufacture technique of a 
semiconductor memory with an easy manufacture process having an electrically programmable 
erasable non-volatile memory and a high-speed read-out write-in volatile memory combined. 

[0009] [Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the 1st characteristic feature of this invention is 
a nonvolatile semiconductor memory comprising at least 

a 1st gate electrode arranged on the principal plane of a semiconductor substrate with a gate 
insulator layer in-between the two, 

a charge accumulation layer on the side face of the 1st gate electrode, 

a 2nd gate electrode on the 1st gate electrode with the charge accumulation layer in-between the 
two, 

an electric conduction layer electrically connecting the 1st gate electrode and the 2nd gate 
electrode. 

[0010] The 2nd characteristic feature of this invention is the nonvolatile semiconductor nnemory 
comprising at least 

the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator layers arranged on 
the principal plane of a semiconductor substrate, 

the charge accumulation layer arranged at the edge of the 2nd insulator layer, and 
the gate electrode arranged on the gate insulator layer. 

[0011] The 3rd characteristic feature of this invention is a semiconductor memory .combining a 
nonvolatile semiconductor memory and a volatile semiconductor memory, 
the nonvolatile semiconductor memory comprising at least 

a 1st lower insulator layer arranged on the principal plane of the semiconductor substrate, and 
a 1st interval insulator layer arranged at the upper part of the center of the 1st lower insulator 
layer, 

the 1st up insulator layer arranged at the upper part of the 1st charge accumulation layer 

arranged at the upper part of the edge of the 1 st lower insulator layer, and 

the 1st interval insulator layer and the 1st charge accumulation layer, 

the 1st gate electrode arranged at the upper part of the 1st up insulator layer, 

the volatile semiconductor memory comprising at least 

a 2nd lower insulator layer which has been arranged on the principal plane of the semiconductor 
substrate and which consists of the same material as the 1st interval insulator layer, 
on the principal plane of a semiconductor substrate, and 

the ultra-thin insulator layer arranged to the ends of the 2nd lower insulator layer, 
the 2nd charge accumulation layer which has been arranged at the upper part of an ultra-thin 
insulator layer and which consists of the same material as the 1st charge accumulation layer, 
the 2nd gate electrode arranged at the upper part of the 2nd up insulator layer which has been 
arranged at the upper part of the 2nd lower insulator layer and the 2nd charge accumulation 
layer, and which consists of the same material as the 1st up insulator layer, and the 2nd up 
insulator layer. 

[0012] The 4th characteristic feature of this invention is a semiconductor memory which 
combines a nonvolatile semiconductor memory and an volatile semiconductor memory, the 
nonvolatile semiconductor memory comprising at least the 1st lower insulator layer arranged on 
the principal plane of a semiconductor substrate, and the 1st interval insulator layer arranged at 
the upper part of the center of the 1st lower insulator layer, the 1st up insulator layer arranged at 
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the upper part of the 1st charge accumulation layer arranged at the upper part of the edge of the 
1st lower insulator layer, and the 1st interval insulator layer and the 1st charge accumulation 
layer, the 1st gate electrode arranged at the upper part of the 1st up insulator layer, an volatile 
semiconductor memory comprising at least the 2nd charge accumulation layer which has been 
arranged on the ultra-thin insulator layer arranged on the principal plane of a semiconductor 
substrate, and an ultra-thin insulator layer and which consists of the same material as the 1st 
charge accumulation layer, the 2nd gate electrode arranged on the 2nd up insulator layer 
arranged on the 2nd charge accumulation layer and the 2nd up insulator layer. 

[0013] The 5th characteristic feature of this invention is the nonvolatile semiconductor memory 
comprising at least the gate insulator layer which consists of the 1st, the 2nd, and 3rd insulator 
layers arranged oh the principal plane of the semiconductor substrate containing the heights or 
concavity arranged on the principal plane of a semiconductor substrate, and a heights or a 
concavity, the charge accumulation layer arranged at the edge of the 2nd insulator layer, and a 
gate electrode arranged on the gate insulator layer. 

[0014] The 6th characteristic feature of this invention is the nonvolatile semiconductor memory 
comprising at least the charge accumulation layer arranged between the gate insulator layer 
which consists of the 1st and 2nd insulator layers arranged on the principal plane of the 
semiconductor substrate containing the heights or concavity arranged on the principal plane of a 
semiconductor substrate, and a heights or a concavity, and the 1st and 2nd insulator layers, and 
the gate electrode arranged on a gate insulator layer. 

[0015] The 7th characteristic feature of this invention is the nonvolatile semiconductor memory 
comprising at least the gate electrode arranged on the principal plane of a semiconductor 
substrate with a gate insulator layer inbetween, the concavity arranged at the edge of a gate 
electrode, the charge accumulation layer arranged at the concavity with an insulator layer 
inbetween, and a charge accumulation layer arranged at the upper part of both a channel field 
and a source drain field. 

[0016] [Embodiments of the Invention] 

With reference to a drawing, the embodiment forms of this invention are explained below. 

In the publication of the following drawings, the same or similar sign is given to the same or 

similar fraction. 

However, a drawing is typical and the proportion of the relation between thickness and a 
flat-surface dimension and the thickness of each class etc. should regard differing from an actual 
thing. 

Therefore, in consideration of the following explanations, you should judge concrete thickness 
and a concrete dimension. 

Moreover, of course, between drawings the fraction from which the relation and proportion of a 
mutual dimension, also contain differences. 

[0017] (1st Embodiment Form) Fig. 1 is the cross section showing the memory cell structure of 
the nonvolatile semiconductor memory conceming the 1st embodiment form of this invention. 
This memory cell consists of an n type MOS transistor. 

With the memory cell structure of the nonvolatile semiconductor memory concerning the 1st 
embodiment form of this invention, the 1st gate electrode 3 is formed in the front face of the p 
type semiconductor substrate 1 through the gate insulator layer 2, and the charge accumulation 
layer 4 (4a, 4b) is formed on both sides of the 1st gate electrode 3. 

This charge accumulation layer 4 has the laminated structure, the 1st layer is oxide film 5, the 
2nd layer consist of a nitride 6, and the 3rd layer consists of the 2nd oxide film 7. 
Furthermore, the 2nd gate electrode 8 is formed in the upper part of the charge accumulation 
layer 4. 

The side wall spacer 9 is formed in the side face of the charge accumulation layer 4, 

and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field, 

and n+ type diffusion layer 11 of the high impurity concentration located in the outside of this n- 
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type diffusion layer 1 0 are formed in the p type semiconductor substrate 1 of the lower part of this 
side wall spacer 9. 

The electric conduction layer 12 is formed in each front face of the 1st gate electrode 3, the 
charge accumulation layer 4, the 2nd gate electrode 8, and n+ type diffusion layer 11. 
The 1st gate electrode 3 and the 2nd gate electrode 8 are electrically connected through this 
electric conduction layer 12. 

[0018] The memory cell of the nonvolatile semiconductor memory concerning the 1st 
embodiment form of this invention has LDD (Lightly Doped Drain) structure which constituted the 
source field and the drain field, from an n- type diffusion llayer 10 of low impurity concentration, 
and an n+ type diffusion layer 11 of high impurity concentration. 

And then, the charge accumulation layer 4 is formed in the both sides of 1st gate electrode 3, 
and the threshold change of potential, which is produced according to the existence of the 
electron held at the nitride layer 6 of these two charge accumulation layers 4, this threshold 
change of potential is made to correspond to a storage information "00", "01 ", "10", and "1 1". 
Furthermore, the 2nd gate electrode 8 is formed in the upper part of the charge accumulation 
layer 4, by electrically connecting this 2nd gate electrode 8 to the 1st gate electrode 3, the 
controllability of a channel field is raised and detection for threshold voltage change is made 
easy. 

[0019] Next, an operation of the non-volatile memory concerning the 1 st embodiment form of this 
invention is explained using Fig. 2 to Fig. 4 . 

Fig. 2 is a cross section of the non-volatile memory explaining a write-in operation. 

Fig. 3 is a cross section of the non-volatile memory explaining a read-out operation. 

Fig. 4 is a cross section of the non-volatile memory explaining a deletion operation. 

As shown in Fig. 2 , at the time of the writing of a memory cell, the high voltage (-10V) is 

impressed to gate G, and simultaneously, the high voltage (-8\/) is applied to drain D in the 

proximity of charge accumulation layer 4b which accumulates an electron, and the non-proximity 

source S is grounded. 

Thus, if a voltage is impressed, a channel thermoelectron (Channel Hot Electron) will occur and 
this thermoelectron will be captured by the nitride 6 of charge accumulation layer 4b. 
When the charge accumulation layer 4b captures an electron, the threshold voltage of a cell 
transistor changes. 

Read-out of a memory cell is performed by detecting a part for a threshold change of potential. 
Specifically, as shown in Fig. 3 , voltage 5V are added to gate G, voltage 3V are simultaneously 
impressed to drain D, and the difference of the amount of currents is detected with a sense 
amplifier. 

Moreover, as shown in Fig. 4 , a deletion of a memory cell is performed by impressing a negative 
voltage (at least - 6V) to gate G, a right voltage (9V) to drain D in the proximity of charge 
accumulation layer 4b to be erased, and by emitting trapped electron of charge accumulation 
layer 4b. 

In addition, as everyone knows, source S and drain D of an MOS transistor are made 
symmetrically, and, generally source S and drain D can be changed. 

Therefore, also in the above-mentioned explanation, it is possible to replace source S and drain 
D. 

[0020] Next, the manufacture technique of the memory cell of the nonvolatile semiconductor 
memory concerning the 1st embodiment form of this invention is explained using Fig. 5 through 
Fig. 9 . 

As first shown in Fig. 5 , the 25nm gate insulator layer 2 is formed by thermal oxidation on the p 
type semiconductor substrate 1 . 

Then, after depositing the 300nm polycrystal silicon layer which is doped by n type or p type 
impurity by the LPCVD (Low Pressure Chemical Vapor Deposition) method all over p type 
semiconductor substrate 1 , patterning is carried out with well-known exposure technique and 
well-known etching technique, and the 1 st gate electrode 3 is formed. 
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[0021] Next, as shown in Fig. 6 , after removing the gate insulator layer 2 of the front face of the p 
type semiconductor substrate 1 of the field which forms a source field and a drain field, the p type 
semiconductor substrate 1 is oxidized thermally in a 900 degrees C - 1200 degrees C oxidizing 
atmosphere, and the 1st 1 0nm oxide film 5 is formed. 

And the lOnm - 100nm nitride 6 is deposited by the LPCVD method on the 1st oxide film 5, and 
after that, the 2nd about 5nm oxide film 7 is formed in nitride 6 front face by 900-degree C 
hydrogen-burning oxidization or CVD. 

[0022] Next, as shown in Fig. 7 , after depositing about 25-250nm polycrystal silicon on the 2nd 
oxide film 7 by the LPCVD method for example, anisotropic etching by the RIE (Reactive Ion 
Etching) method is performed, and by removing of this polycrystal silicon layer, the 1st oxide film 
5, the nitride 6, and the 2nd oxide film 7 only their film thickness part, the charge accumulation 
layer 4 which has the 2nd gate electrode 8 in the upper part is formed at the 1st gate electrode 
side face. 

[0023] Next, as shown in Fig. 8 , n- type diffusion layer 10 of low impiurity concentration is 
formed. 

It is formed by ion-implantation technique, that is by pouring in n type impurity using the 1st gate 
electrode 3 and the charge accumulation layer 4 as the mask, and by activating the impurity 
which was poured in by subsequent heat treatment. 

[0024] Next, as shown in Fig. 9 , after forming the side wall spacer 9 in the side wall of the charge 
accumulation layer 4, n+ type diffusion layer 1 1 of high impurity concentration is formed. 
It is formed by ion-implantation technique, that is by pouring in n type impurity using the 1st gate 
electrode 3, the charge accumulation layer 4 and the side wall spacer 9 as the mask, and by 
activating the impurity which was poured in by subsequent heat treatment. 

[0025] Next, high-melting point metal membranes, such as a tungsten, titanium, and cobalt, are 
deposited by CVD or the spatter all over the p type semiconductor substrate 1, and then, by 
heat-treating the p type semiconductor substrate 1 in an inert atmosphere in each front face erf 
the 1st gate electrode 3, the charge accumulation layer 4, the 2nd gate electrode 8, and n+ type 
diffusion layer 11, the electric conduction layer 12 which consists of a refractory-metal sllicide is 
formed. 

At this time, the thickness of the 1st oxide film 5, the nitride 6, the 2nd oxide film 7, especially the 
nitride 6 needs to be set up so that it may reach 1st gate electrode 3 and the refractory-metal 
sllicide layer on the 2nd gate electrode 8 may carry out a bridging. After electric conduction layer 
12 formation, if the unreacted refractory metal which remained in fields other than the above is 
removed, the memory cell structure shown in Fig. 1 will be completed. 

[0026] In addition, although illustration is not carried out, it passes through usual CMOS 
manu^cturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 1 , and a final nonvolatile memory cell is 
completed. 

[0027] According to the 1st embodiment form of this invention, since the 2nd gate electrode 8 
was formed also in the upper part of the charge accumulation layer 4, the controllability of a 
threshold voltage improves. 

in addition, the same effect is acquired, even if it is the case where it constitutes from a p type 
MOS transistor, although the 1st embodiment form of this invention explained the case where a 
memory cell was constituted from an n type MOS transistor. 

Moreover, the mernory cell has an LDD structure and it may be single drain structure or double 
drain structure. 

[0028] (2nd embodiment form) 

Next, the 2nd embodiment form of this invention is explained. 
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Fig. 10 is a cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 2nd embodiment form of this invention. 
This memory cell consists of an n type MOS transistor. 

With the memory cell structure of the non-volatile memory concerning the 2nd embodiment form 
of this invention, the 2nd gate insulator layer 14 is formed in the front face of the p type 
semiconductor substrate 1 through the 1st gate insulator layer 13. 

And the charge accumulation layers 4a and 4b are formed at the ends of the 2nd gate insulator 
layer 14. 

On the 2nd gate insulator layer 14 and charge accumulation layers 4a and 4b, the gate electrode 
3 is formed through the 3rd gate insulator layer 1 5. 1 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 10 of the low impurity concenitration which touches a channel field, 
and n+ type diffusion layer 11 of the high impurity concentration located in the outside of this n- 
type diffusion layer 1 0 are formed in the p type semiconductor substrate 1 of the lower part of this 
side wall spacer 9. 

The electric conduction layer 12 is formed on each surface of gate electrode 3 and n+ type 
diffusion layer 11. 

[0029] The memory cell of the nonvolatile semiconductor memory concerning the 2nd 
embodiment form of this invention has LDD structure which constituted the source field and the 
drain field from an n- type diffusion layer 10 of low impurity concentration, and an n+ type 
diffusion layer 1 1 of high impurity concentration. 

And a gate insulator layer consists of three layer cascade screen consisting of 1st gate insulator 
layer 13 (lower layer), 2nd gate Insulator layer 14 (interlayer), and of the 3rd gate insulator layer 
15 (upper layer), and the charge accumulation layers 4a and 4b are formed in the both ends of 
the 2nd gate insulator layer 14. 

An electron is accumulated to these two charge accumulation layers 4a and 4b, the store status 
being one of the four following status, namely 

(1) the status that neither accumulation layer 4a nor 4b are accumulating electrons, 

(2) the status that only charge accumulation layer 4a is accumulating the electron, 

(3) the status that only charge accumulation layer 4b is accumulating the electron, 

(4) the status that charge accumulation layers 4a and 4b are both accumulating the electron. 
The amount of threshold change of potential according to the existence/non-existerice of the 
electron held at these two charge accumulation layers 4a and 4b is made to correspond to 
storage information "00", "01", "10" and "11." 

Moreover, with this memory cell structure, since the charge accumulation layers 4a and 4b are 
located in the upper part of a channel field edge, the threshold vqltagei of a channel field center 
section is decided only by impurity concentration of a channel field, and it does not depend for it 
on the store status of the electron of the charge accumulation layers 4a and 4b. 
Therefore, the faulty deletion (over-erase) by the excess and deficiency of the electron of the 
charge accumulation layers 4a and 4b is prevented, and faulty deletion which originates by that 
cause, such as the poor leakage, a poor program, and poor read-out can not be produced. 
Moreover, the leakage current between a source field and a drain field can be suppressed only 
by the gate voltage, and highly reliable nonvolatile semiconductor memory can be realized. 
It is advisable for the charge accumulation layers 4a and 4b to consist of silicon nitride of high 
charge store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer or a polycrystal silicon layer, it can be manufactured 
cheaply. 

If the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are furthermore constituted 
from a silicon nitride (Si3N4 layer) which has a dielectric constant of about 2 times the one of a 
silicon oxide (Si02 layer), a silicon-oxide conversion thickness can stabilize for it and realize the 
very thin gate insulator layer which is about 4nm - 1 1nm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 



12 



thickness is 5nm is about lOnm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is reduced, and 
not only micronization of a memory cell but micronization of a circumference high-voltage 
operation element of it is attained. 

[0030] Although n- type diffusion layer 10 is established for the purpose of the pressure-proof 
enhancement in a source field and a drain field and LDD structure is constituted from a memory 
cell of the nonvolatile semiconductor memory concerning the 2nd embodiment form of this 
invention, a source field and a drain field may consist of single drain structure and double drain 
structure. 

Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layer 4a-4b, it can consist of a silicon oxide, for example. 

Moreover, if the metal oxide film which has a high dielectric constant is used for 2 gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved As a 
metal oxide film, there are Ti02, Ta205, aluminum205, and PZT and SBT, 

[0031] Next, an operation of the non-volatile memory concerning the 2nd embodiment form of 
this invention is explained using the Fig. 1 1 and the Fig. 12 . 
Fig. 1 1 is a cross section of the non-volatile memory explaining a write-in operation. 
Fig. 12 is a cross section of the non-volatile memory explaining a deletion operation. 
As shown in Fig. 1 1 , at the time of the writing of a memory cell, about 7-8V is impressed to gate 
G, about SV is impressed to drain D, respectively, and source S is grounded. 
Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b by the 
side of a drain field by the channel thermoelectron (CHE). 

When pouring an electron into charge accumulation layer 4a by the side of a source field you just 
need to replace in the above-mentioned case the voltage impressed to each drain D and source 

s. 

On the other hand, as shown in Fig. 12 , a deletion of a memory cell impresses a negative 
voltage (at least -5V) to gate G, and is performed by drawing out an electron from the charge 
accumulation layers 4a and 4b using a Fowler- Nordheim (FN) type tunnel current. 
Moreover, when the gate electrode 3 is shared by two or more memory cells, an electron can be 
simultaneously drawn out from those memory cells. 

In this case, source S and drain D should just take as the p type semiconductor substrate 1 and 
this potential. 

Moreover, it is also possible to impress the right voltage different from the potential of the p type 
semiconductor substrate 1 to drain D, and to draw out an electron for source S only from floating 
potential (Floating), then charge accumulation layer 4a by the side of drain D. 
What is necessary is to impress a right voltage to source S, in drawing out an electron only from 
charge accumulation layer 4b by the side of source S, and just to let drain D be floating potential. 

[0032] The writing of a memory cell can also be performed like a deletion of a memory cell using 
FN current. 

About 10V is impressed between gate G and the p type semiconductor substrate 1, and an 
electron is poured into the charge accumulation layers 4a and 4b with FN current. 
In this case, an electron can be simultaneously poured into two or more memory cells in which 
have gate G in common. 

[0033] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current which flows between source S and drain D. 
It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different 
current transfer characteristics are obtained and, thereby, the information for 2 bits can be 
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memorized in one cell. 

[0034] Next, the manufacture technique of the memory cell of the nonvolatile semiconductor 
memory concerning the 2nd embodiment form of this invention is explained using Fig. 13 
through Fig. 19 . 

As first shown in Fig. 13 , the small silicon nitride of charge store capacity is deposited all over p 
type semiconductor substrate 1 , and the about 10nm 1st gate insulator layer 13 is formed. 
Deposition of the small silicon nitride of charge store capacity is performed for example, by the 
JVD (Jet-Vapor-Depositlon) method. 

The JVD method is indicated by bibliography 'T.P.Ma, IEEE Transactions ON Electron Devices, 
Volume 45 Number 3, and March 1998 p680." 

A silicon oxide is deposited by CVD after 1st gate insulator layer 13 formation, and the about 
5-1 Onm 2nd gate insulator layer 14 is formed. 

Then, the silicon nitride of small charge store capacity is deposited by the JVD method, and the 
about 1 0nm 3rd gate insulator layer 1 5 is formed. 

[0035] Next, as shown in Fig. 14 , after depositing the about 50-250nm polycrystal silicon layer 
which doped n type or p type impurity by the LPCVD method all over p type semiconductor 
substrate 1, patterning is carried out with exposure technique and etching technique, and the 
gate electrode 3 is formed. 

Then the 1st gate insulator layer 13 of the front face of the p type semiconductor substrate 1 of 
the field which uses the gate electrode 3 as a mask and forms a source field and a drain field, the 
2nd gate insulator layer 14 and the 3rd gate insulator layer 15 are dry-etched self-conformably. 

[0036] Next, as shown in Fig. 15 , the space 17 for charge accumulation layer formation is 
formed. 

This space 17 is formed by reaching 1st gate oxide-film 13 and carrying out wet etching of the 
edge of the 2nd gate insulator layer 14 selectively rather than the 3rd gate insulator layer 15 
using the etching reagent with the large etch rate of the 2nd gate insulator layer 14. 
What is necessary is just to use for example, a fluoric acid type as an etching reagent with the 
2nd embodiment form of this invention, since it reaches 1st gate oxide-film 13, the 3rd gate 
insulator layer 15 is constituted from a silicon nitride and the 2nd gate insulator layer 14 is 
constituted from a silicon oxide. 

Moreover, you may form the space 1 7 for charge accumulation layer formation by the plasma dry 
etching method using the gas which contains HF gas, instead of the wet etching method which 
used the etching reagent. 

[0037] Next, as shown in Fig. 1 6 , it deposits so that the space 17 for charge accumulation layer 
formation may be completely embedded in the silicon nitride 18 of high charge store capacity by 
the LPCVD method all over p type semiconductor substrate 1, 

And as shown in Fig. 17 , anisotropic etching by RIE is performed to the p type semiconductor 
substrate 1 whole surface, and the charge accumulation layers 4a and 4b which consisted of a 
silicon nitride of high charge store capacity are formed. 

[0038] Next, as shown in Fig. 18 , after forming an oxide film 16 all over p type semiconductor 
substrate 1 , n- type diffusion layer 1 0 of low impurity concentration is formed. 
N- type diffusion layer 10 is formed by pouring in n type impurity with ion-implantation technique 
which uses the gate electrode 3 as the mask, and by activating the impurity that was poured in 
with subsequent heat treatment. 

[0039] Next, as shown in Fig. 19 , after forming the side wall spacer 9 in the side wall of the gate 
electrode 3, n+ type diffusion layer 1 1 of high impurity concentration is formed. 
N+ type diffusion layer 1 1 is formed by pouring in n type impurity with ion-implantation technique 
which uses the gate electrode 3 and the side wall spacer 9 as the mask, and by activating the 
impurity that was poured in with subsequent heat treatment. 
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[0040] Next, membranes of high-melting point metals such as a tungsten, titanium, and cobalt, 
are deposited by CVD or the spatter all over the p type semiconductor substrate 1 , and then, by 
heat-treating the p type semiconductor substrate 1 in an inert atmosphere, in each front face of 
the gate electrode 3 and n+ type diffusion layer 11 the electric conduction layer 12 which 
consists of a refractory-metal silicide is formed. 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 10 will be 
completed. 

[0041] In addition, although illustration is not carried! out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation la!yer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 10 , iand a final nonvolatile memory cell is 
completed. 

[0042] Thus, with the 2nd embodiment form of this invention, the charge accumulation layers 4a 
and 4b can be formed in a self-matching way down the ends of the gate electrode 3. 

Therefore, micronization in the orientation of gate length of a cell transistor is attained. 

Thereby, large capacity and high-density nonvolatile semiconductor memory can be offered. 

Moreover, the cell area per bit is mostly reduced by half compared with the former, and 
nonvolatile semiconductor memory reduced sharply can be realized. 

[0043] Moreover, the width of face of the orientation of channel length of the charge 
accumulation layers 4a and 4b can be easily controlled by adjustment of the etch-rate difference 
and etching time of the 1st gate insulator layer 13, and of the 3rd gate insulator layer 15 and the 
2nd gate insulator layer 14,. 

Thereby, the charge accumulation layers 4a and 4b can be arranged symmetrically. 
And since the charge accumulation layers 4a and 4b are electrically separated completely by the 
2nd gate insulator layer 14, the interaction between charge accumulation layer 14a and 14b do 
not happen. 

Furthermore, since the charge accumulation layers 4a and 4b are insulated completely from a 
source field, a drain field, the gate electrode 3, and a channel field by the 1st insulator layer 13, 
3rd insulator layer 15, and oxide film 16, the nonvolatile semiconductor memory with excellent 
charge hold property can be offered. 

Charge accumulation layers 4a and 4b are formed extending in the orientation of a channel field 
from the edge of the gate electrode 3, and the current-conducting characteristics of a memory 
cell are mainly set by the charge store status of the part by the side of the channel fieild of the 
charge accumulation layers 4a and 4b. 

Therefore, if the length of the orientation of gate length of this part is reduced to the limits, more 
detailed nonvolatile semiconductor memory can be offered. 

[0044] Furthermore, since the cellular structure is easily realizable at usual CMOS process, 
nonvolatile semiconductor memory can be manufactured at low cost using the existing 
production line. 

[0045] (3rd Embodiment Form) Next, the 3rd embodiment form of this invention is explained. 
The 3rd embodiment form of this invention is the 2nd embodiment form shown in Fig. 10 with the 
silicon oxide transposed for the 1 st gate insulator layer 1 3 and the 2nd gate insulator layer 14 are 
transposed to a silicon nitride, and the 3rd gate insulator layer 15 is to a silicon oxide. 
Hereafter, the manufacture technique of the memory cell of the nonvolatile semiconductor 
memory concerning the 3rd embodiment form of this invention is explained with reference to 
Fig. 1 3 through Fig. 1 5. 

[0046] First, as for the memory cell of the nonvolatile semiconductor memory concerning the 3rd 
embodiment form of this invention, the p type semiconductor substrate 1 is oxidized thermally, 
and the 1st gate insulator layer 13 which consists of an about lOnm silicon oxide is formed. 
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After 1st gate insulator layer 13 formation, the silicon nitride of the low charge store capacity is 
deposited by the JVD method and the about 5-1 Onm 2nd gate insulator layer 14 is formed. 
Then, a silicon oxide is deposited by CVD and the about 10nm 3rd gate insulator layer 15 is 
formed (refer to the Fig. 13). 

[0047] Next, after depositing the about 50-250nm polycrystal silicon layer which is doped with n 
type or p type impurity by the LPCVD method all over p type semiconductor substrate 1, 
patterning is carried out with exposure technique and etching technique, and the gate electrode 
3 is formed. 

Then, at the 1st gate insulator layer 13, the 2nd gate insulator layer 14, and the 3rd gate insulator 
layer 1 5 of the front face of the p type semiconductor substrate 1 of the field which forms a 
source field and a drain field using the gate electrode 3 as a mask, dry etching is carried out 
self-adjustingly (refer to the Fig. 1 4 ) . 

[0048] Next, the p type semiconductor substrate 1 is oxidized thermally, and a thin silicon oxide Is 

formed all over p type semiconductor substrate 1 . 

Then, the space 17 for charge accumulation layer formation is formed. 

The space 17 for this charge accumulation layer formation is formed by using the etching 
reagent with the large etch rate on the 2nd gate insulator layer 14 rather than on thelst gate 
oxide-film 13 and the 3rd gate insulator layer 15, and carrying out wet etching selectively the 
edge of the 2nd gate insulator layer 14. 

With the 3rd embodiment form of this invention, since 1st gate oxide-film 13, the 3rd gate 
insulator layer 15 is constituted from a silicon oxide and the 2nd gate insulator layer 14 is 
constituted from a silicon nitride, for example a phosphoric-acid type may be used as an etching 
reagent. 

In addition, since the silicon nitride 14 hardly oxidizes by thermal oxidation processing, an oxide 
film is not formed in the side face of the 2nd gate insulator layer, but, for this reason, the 
selectivity of etching improves (refer to the Fig. 15 ). 

Moreover, you may form the space 1 7 for charge accumulation layer formation by the plasma dry 
etching method using the gas which contains CF4 gas instead of the wet etching method which 
used the etching reagent. 

The subsequent process is the same as the 2nd embodiment form. 



[0049] (4th embodiment form) Next, the 4th embodiment form of this invention is explained. Fig. 
20 is a cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 4th embodiment form of this invention. 

The 4th embodiment form of this invention is the example that constituted the memory cell from a 
p type MOS transistor. 

As shown in Fig. 20, with the memory cell structure of the non-volatile memory conceming the 
4th embodiment form of this invention, the 2nd gate insulator layer 14 is formed in the surface of 
the n-type-semi conductor substrate 19 through the 1st gate insulator layer 13. 
The charge accumulation layers 4a and 4b are formed in the ends of 2 gate insulator layer 14. 
On the 2nd gate insulator layer 1 4 and charge accumulation layer 4a and 4b, the gate electrode 
3 is formed through the 3rd gate insulator layer 1 5. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and p- type diffusion layer 20 of the low impurity concentration which touches a channel field, 
and p+ type diffusion layer 21 of the high impurity concentration located in the outside of this p- 
type diffusion layer 20 are formed in the n-type-semiconductor substrate 1 9 of the lower part of 
this side wall spacer 9. 

The electric conduction layer 12 is formed in each surfeice of the gate electrode 3 and p+ type 
diffusion layer 21. 

[0050] Next, an operation of the non-volatile memory concerning the 4th embodiment form of this 
invention is explained using the Fig. 21 and the Fig. 22 . 

Fig. 21 is a cross section of the non-volatile memory explaining a write-in operation. 
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Fig. 22 is a cross section of the non-volatile memory explaining a deletion operation. 
As shown in Fig. 21 , at the time of the writing of a memory cell, about 5V is impressed to gate G, 
and about -5V is impressed to drain D, respectively, and let source S be floating potential. 
Thus, a voltage is impressed, energy is given the electron of the tunnel phenomenon reason 
between band-bands by the electric field near the drain field, and an electron is poured into 
charge accumulation layer 4b by the side of a drain field. 

The voltage impressed to drain D and source S is replaced with each other, in pouring an 
electron into charge accumulation layer 4a by the side of a source field. 

On the other hand, as shown in Fig. 22, a deletion of a memory cell impresses a negative voltage 
(at least -5V) to gate G, and is performed by Fig. out anlelectron from the charge accumulation 
layers 4a and 4b using FN current. 

Moreover, when gate G is shared with plural cells, an electron can be simultaneously drawn out 
from those memory cells. 

In this case, source S and drain D are taken as the n-type-semiconductor substrate 19, this 
potential, or floating potential. 

[0051] It is possible to perform it, even if the writing of a memory cell uses a channel 
thermoelectron like the 2nd embodiment form of this invention. 

In this case, about -2.5V is impressed to gate G, about -5V is impressed to drain D, respectively, 
and source S is grounded. 

Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b by the 
side of a drain field by the channel thermoelectron. 

On the other hand, just to replace the voltage impressed to drain D and source S is replaced with 
each other, in pouring an electron into charge accumulation layer 4a of a source field. 

[0052] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current that flows between source S and drain D. 
It uses that the current transfer characteristics near the source field and the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different current 
transfer characteristics are obtained and, thereby, the information for 2 bits can be memorized in 
one cell. 

[0053] (5th embodiment form) Next, the 5th embodiment form of this invention is explained. 
Generally, a peripheral circuit is arranged in semiconductor memory around a memory cell array. 
For example, there are a decoder, writing/deletion circuit, a readout circuitry, an analog circuit, 
various kinds of I/O circuits, various kinds of capacitor circuits, etc. as the peripheral circuit. 
The 5th embodiment form of this invention shows the example that manufactures simultaneously 
the MOS transistor which constitutes these peripherals circuit using the manufacturing process 
of the memory cell transistor of the 2nd - the 4th embodiment form. 

Fig. 23 is a cross section showing the structure of the MOS transistor that constitutes the 
peripheral circuit of the nonvolatile semiconductor memory concerning the 5th embodiment form 
of this invention. 

As shown in Fig. 23 , according to the 5th embodiment form of this invention, seven kinds of 
MOS transistors (Tr1-Tr7) from which a gate insulator layer is different in addition to a memory 
cell transistor (memory cell Tr) are realizable. 

In addition, the memory cell transistor of Fig. 23 is a memory cell transistor shown in Fig. 10. 
Moreover, MOS transistors Tr1-Tr7 show n type MOS transistor altogether, n- type diffusion layer 
10 of a memory cell transistor and n+ type diffusion layer 1 1 , and the electric conduction layer 12 
are omitted in order to make a drawing legible. 
MOS transistors Tr1 -Tr7 are omitted in the same way. 

[0054] Next, the manufacture technique of an MOS transistor shown in Fig. 23 is explained using 
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the Fig. 24 or the Fig. 30. 

As shown in Fig. 24 , the small silicon nitride of charge store capacity is deposited by the JVD 
method all over p type semiconductor substrate 1, and the about 10nm 1st gate insulator layer 
13 is formed. 

Well-known exposure technique and well-known dry etching technique remove the 1st gate 
insulator layer 13 of the field of the part on the p type semiconductor substrate 1 after 1st gate 
insulator layer 13 formation. 

And as shown in Fig. 25, a silicon oxide is deposited by CVD and the about 5-1 Onm 2nd gate 
insulator layer 14 is formed. 

Exposure technique and dry etching technique remove the 2nd gate insulator layer 14 of a part 
of field after 2nd gate insulator layer 14 formation. 

Then, as shown in Fig. 26 , the small silicon nitride of charge store capacity is deposited by the 
JVD method, and the about 1 0nm 3rd gate insulator layer 15 is formed. 

Exposure technique and dry etching technique remove the 3rd gate insulator layer 15 of a part of 
field after 3rd gate insulator layer 1 5 formation. 

It does in this way and the 1st gate insulator layer 13 and seven kinds of gate insulator layers 
which reach 2nd gate insulator layer 14 and consist of at least one of the 3rd gate insulator 
layers 15 are realized. 

In the above method, seven kinds of gate insulator layers are realized 

[0055] Next, as shown in Fig. 27 , after depositing the about 50-250nm polycrystal silicon layer 
which doped n type or p type impurity by the LPCVD method all over p type semiconductor 
substrate 1 , patterning is carried out with exposure technique and etching technique, and plural 
gate electrodes 3 are formed. 

Furthermore, the 1st gate insulator layer 13, the 2nd gate insulator layer 14 and 3 gate insulator 
layer 15 of the surface of the p type semiconductor substrate 1 in the field which uses the gate 
electrode 3 as a mask and forms each source field and drain field of a memory cell transistor and 
an MOS transistor by dry etching, is removed. 

[0056] Next, as shown in Fig. 28, the field which forms MOS transistors Tri -Tr7 is covered by the 
photoresist 22, and wet etching of the field which forms a memory cell transistor is carried out. 
An etching reagent uses what has an etching speed of the 2nd gate insulation film 14 quicker 
than the 1st gate oxidization film 13 and the 3rd gate insulation film 15. 

The edge of the 2nd gate insulation film 14 of the domain that forms a memory cell transistor by 
this wet etching is etched alternatively, and the space 17 for electric charge accumulation layer 
formation is formed. 

Since the 1 st gate oxide film 13 and the 3rd gate insulator layer 15 are constituted from a silicone 
nitriding film and the 2nd gate insulation layer 14 is constituted from a silicone oxide film, for 
example, a fluoric acid type is used as etching reagent. 

And as shown in Fig. 29, it deposits so that the space 1 7 for charge accumulation layer formation 
may be completely embedded in the high silicon nitride 18 of charge store capacity by the 
LPCVD method all over p type semiconductor substrate 1 . 

Then, as shown in Fig. 30, anisotropic etching by RIE is performed to the whole surface of p type 
semiconductor substrate 1 , and the electric charge accumulation layers 4a and 4b that consisted 
of high silicone nitriding films of electric charge accumulation capability are formed in the domain 
that forms a memory cell transistor. 

[0057] According to the 5th embodiment form of this invention, seven kinds of MOS transistors 
Tri -Tr7 that have the gate insulator layer with which film thickness differs can be manufactured 
simultaneously with a memory cell transistor. 

Thereby, the MOS transistor corresponding to operating voltage various from the high 
pressure-proofing transistor of a high-voltage operation to a super-low voltage operation 
transistor can be offered. 

Furthermore, it is possible to realize an n type MOS transistor and a p type MOS transistor. 
Moreover, the gate electrode 3 of a memory cell transistor and MOS transistors Tri -Tr7 consists 
of the same material, and is formed at the same exposure process and a dry etching process. 
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Therefore, it is possible to offer a detailed transistor with few position doubling gaps of a photo 
mask. 

[0058] {6th embodiment form) Next, the 6th embodiment form of this invention Is explained. 
In the form of this 6th embodiment form, the example that realizes electrically the volatile 
memory in which writing and read-out are possible on the same tip at the non-volatility memory 
that can be written in and eliminated, and high speed is shown. 

Fig. 31 is a sectional view showing the memory cell structure of the nonvolatile memory carried in 

the semiconductor memory storage concerning the 6th embodiment form of this invention. 

Fig. 32 is a sectional view showing the memory cell structure of the volatile memory carried in 

starting-6th case of the operation of this invention semiconductor memory storage. 

Non-volatile memory of Fig. 31 and volatile memory of Fjg. 32 are loaded together on the same 

chip. 

[0059] (A) As shown in non-volatile memory Fig. 31 , the memory cell of the non-volatile memory 
concerning the 6th embodiment form consists of an n type MOS transistor. 
And with the memory cell structure of this non-volatile memory, the 2nd gate insulator layer 14 is 
formed through the 1st gate insulator layer 13 on the principal plane of the p type semiconductor 
substrate 1 . 

The charge accumulation layer 4 (4a, 4b) is formed in the both ends of the 2nd gate insulator 
layer 14. 

On the 2nd gate insulator layer 14 and the charge accumulation layer 4, the gate electrode 3 Is 
formed through the 3rd gate insulator layer 1 5. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 1 1 of the high impurity concentration located in the outside of this n- 
type diffusion layer 10 are formed in the principal plane of the p type semiconductor substrate 1 
of the lower part of this side wall spacer 9. 

The electric conduction layer 12 is formed in each surface of gate electrode 3 and n+ type 
diffusion layer 11. 

[0060] The memory cell of the non-volatile memory concerning the 6th embodiment form of this 
invention has LDD structure that constituted the source field and the drain field from an n- type 
diffusion layer 10 of low impurity concentration and an n+ type diffusion layer 11 of high impurity 
concentration. 

And it consists of a three layer laminating films by which a gate insulator layer consists of the 1st 
gate insulator layer 13 (lower layer), the 2nd gate insulator layer 14 (ihteriayer), and the 3rd gate 
insulator layer 15 (upper layer), and the charge accumulation layer 4 (4a, 4b) is formed in the 
both ends of the 2nd gate insulator layer 1 4. 

An electron is accumulated in these two electric charge accumulation layers 4a and 4b, and the 
accumulation state can take the following four states. 

(1) Neither of the electric charge accumulation layers 4a and 4b is accumulating the electron. 

(2) Only electric charge accumulation layer 4a is accumulating the electron. 

(3) Only electric charge accumulation layer 4b is accumulating the electron. 

(4) The electric charge accumulation layers 4a aind 4b are accumulating the electron. 

The amount of change of the threshold voltage produced by the existence of the electron held at 
these two electric charge accumulation layers 4a and 4b is made to correspond to memory 
information "00", "01 "1 0" and "1 1 

Moreover, with this memory cell structure, since the charge accumulation layer 4 is located in the 
upper part of a channel field edge, the threshold voltage of the central part of a channel field is 
decided only by impurity concentration of a channel field, and it does not depend for it on the 
accumulation state of the electron of the charge accumulation layer 4. 

Therefore, fault deletion (over-erase) by the excess and deficiency of the electron of the electric 
charge accumulation layer 4 is prevented, and the poor leakage resulting, a poor program, and 
poor read-out from fault deletion must have been produced. 

Moreover, the leakage current between a source field and a drain field can be suppressed only 
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by the gate voltage, and can realize highly reliable non-volatile memory. 

What Is necessary is for the charge accumulation layer 4 just to consist of a high silicon nitride of 
the charge store capacity by CVD. 

It is because the charge holds property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

Furthermore, if the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are constituted 
from a silicon nitride (Si3N4 layer) which has an about 2 times of a silicon oxide (Si02 layer) 
dielectric constant, a silicon-oxide conversion thickness can stabilize for it and realize the very 
thin gate insulator layer which is 4nm - about 1 1 nm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about 10nm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is formed Into low 
voltage, and not only detailed-izing of a memory cell but micronization of a circumference 
high-voltage operation element of it is attained. 

[0061] Although LDD structure is constituted from a memory cell of a nonvolatile memory by 
installing n- type diffusion layer 10 for the purpose of pressure-proof enhancement of a sauce 
field and a drain field, a sauce field and a drain field may consist of single drain structure and 
double drain structure. 

Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layer 4a and 4b, it can consist of a silicon oxide, for example. 

Moreover, if the metal oxide film that has a high dielectric constant is used for 2nd gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved. 
For example, it is possible to use Ti02, Ta 205, AI205, PZT and SBT as a metal oxide film. 

[0062] Next, an operation of the nonvolatile semiconductor memory concerning the 6th 

embodiment form of this invention is explained using Fig.. 33 and Fig. 34 . 

Fig. 33 is a cross section of the non-volatile memory explaining a write-in operation. 

Fig. 34 is a cross section of the non-volatile memory explaining a deletion operation. 

As shown in Fig. 33, at the time of the writing of a memory cell, about 7-8V is impressed to gate 

G, about 5V is impressed to drain D, respectively, and source S is grounded. 

Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b of a 

drain field by the channel thermo electron (CHE). 

What is necessary is just to replace the voltage impressed to each of drain and Sauce S, in 

pouring an electron into electric charge accumulation layer 4b of a sauce field. 

On the other hand, as shown in Fig. 34, a deletion of a memory cell impresses a negative voltage 

(at least -5V) to gate G, and is performed by drawing out an electron from the charge 

accumulation layers 4a and 4b using a Fowler Nordheimt (FN) type tunnel current. 

Moreover, when plural memory cells share gate G, an electron can be simultaneously drawn out 

from those memory cells. 

In this case, what is necessary is just to make Sauce S and drain D into the same potential as p 
type semiconductor substrate 1 . 

Moreover, if different right voltage from the potential of p type semiconductor substrate 1 is 
impressed to drain electrode and sauce electrode is made into floating potential (Floating), it is 
also possible to draw out an electron only from electric charge accumulation layer 4b of drain 
electrode. 

What is necessary is to impress right voltage to sauce electrode, in drawing out an electron only 
from electric charge accumulation layer 4a of sauce electrode, and just to let drain electrode be 
floating potential. 

[0063] The writing of a memory cell can also be performed like a deletion of a memory cell using 
FN current. 

About 1 0V is impressed between gate G and the p type semiconductor substrate 1 , and an 
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electron is poured into the charge accumulation layers 4a and 4b with FN current. 

In this case, an electron can be simultaneously poured into plural memory cells in which gate G 

is common. 

[0064] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current that flows between source S and drain D. 
It uses that the current transfer characteristics near a source field and the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. i 

To which a bias shall be carried out between source ;S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
The information for 2 bits is memorizable in one cell by acquiring the four different current 
transfer characteristics according to four accumulation states of the electric charge accumulation 
layers 4a and 4b. 

[0065] (B) As shown in volatile-memory Fig. 32, the memory cell of the volatile memory 

concerning the 6th embodiment form of this invention consists of an n type MOS transistor. 

With the memory cell structure of this volatile memory, the 2nd gate insulator layer 14 of Fig. 31 

is directly arranged on the principal plane of the p type semiconductor substrate 1 . 

And although the charge accumulation layer 4 (4c, 4d) is formed in the both ends of the 2nd gate 

insulator layer 14 like the non-volatile memory of Fig. 31, it differs from the non-volatile memory 

of Fig. 31 in that these charge accumulation layers 4c and 4d are arranged on the principal plane 

of p type semiconductor substrate 1 through the tunnel insulation layer 23. 

On the 2nd gate insulator layer 14 and the charge accumulation layer 4, the gate electrode 3 is 

formed through the 3rd gate insulator layer 15. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field and 
n+ type diffusion layer 1 1 of the high impurity concentration located in the outside of this n- type 
diffusion layer 1 0 are formed in the principal plane of the p type semiconductor substrate 1 of the 
lower part of this side wall spacer 9. . 

The electric conduction layer 12 is formed in each surface of gate electrode 3 and n+ type 
diffusion layer 11. 

[0066] The memory cell of the volatile memory concerning the 6th embodiment form of this 
invention has LDD structure that constituted the source field and the drain field from an n- type 
diffusion layer 10 of low impurity concentration and an n+ type diffusion layer 11 of high impurity 
concentration. 

And a gate insulator layer consists of the 2nd gate insulator layer 14, a tunnel insulator layer 23 
and the 3rd gate insulator layer 15, and the charge accumulation layer 4 is formed in the both 
ends of the 2nd gate insulator layer 14. 

An electron is accumulated in these two electric charge accumulation layers 4c and 4d, and the 
accumulation state can take the following four states. 

(1) Electric charge accumulation layers 4c and 4d neither is accumulating the electron- 

(2) Only electric charge accumulation layer 4c is accumulating the electron. 

(3) Only 4d of electric charge accumulation layers is accumulating the electron. 

(4) The electric charge accumulation layers 4c and 4d are accumulating the electron. 

The amount of which is produced by the existence of the electron held at these two charge 
accumulation layers 4c and 4d threshold change of potential is made to correspond to a storage 
information "00", "01 ", "1 0" and "1 1 

Moreover, with this memory cell structure, since the charge accumulation layer 4 is located in the 
upper part of the edge of a channel field, the threshold voltage of the central part of the channel 
field is decided only by impurity concentration of a channel field, and it does not depend for it on 
the accumulation state of the electron of the charge accumulation layer 4. 
Therefore, the fault deletion (over-erase) by the excess and deficiency of the electron of the 
charge accumulation layer 4 is prevented, and the poor leakage, a poor program, and poor 
read-out which originates in a fault deletion by that cause must have been produced. 
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Moreover, the leakage current between a source field and a drain field can be suppressed only 
by the gate voltage, and can realize highly reliable volatile memory. 

What is necessary is for the charge accumulation layer 4 just to consist of a high silicon nitride of 
the charge store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

Furthermore, if the 3rd gate insulator layer 15 is constituted from a silicon nitride (Si3N4 layer) 
which has an about 2 times of a silicon oxide (Si02 layer) dielectric constant, a silicon-oxide 
conversion thickness can stabilize for it and realize the very thin gate insulator layer which is 
4nm to about 1 1 nm.' 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about 10nm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is formed into low 
voltage, and not only detailed-izing of a memory cell but micronization of a circumference 
high- voltage operation element of it is attained. 

[0067] Although LDD structure is constituted from a memory cell of a nonvolatile memory by 
installing n- type diffusion layer 10 for the purpose of pressure-proof enhancement of a sauce 
field and a drain field, a sauce field and a drain field may consist of single drain structure and 
double drain structure. 

Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layer 4c and 4d, it can consist of a silicon oxide, for example. 

Moreover, if the metal oxide film that has a high dielectric constant is used for 2nd gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved. 
For example, it is possible to use Ti02, Ta 205, AI205, PZT and SBT as a metal oxide film. 

[0068] In the volatile memory concerning the 6th embodiment form of this invention, the tunnel 
insulator layer 23 is arranged in the lower part of a charge accumulation layers 4c and 4d. 
The tunnel insulator layer 23 consists of a silicon oxide of the thin film which has the thickness in 
which direct tunneling is possible, and makes possible high-speed read-out and. write-in in 100ns 
or less required of a dynamic RAM. 

When the tunnel insulator layer 23 is constituted from a silicon oxide, the thickness is just 3nm or 
less. 

Moreover, if the tunnel insulator layer 23 is constituted from a silicon nitride 3nm or less, a 
silicon-oxide conversion thickness can realize stably the very thin gate insulator layer which is 
about 1 .5nm. 

Since the electron accumulated by the leakage current through the tunnel insulator layer 23 at 
the charge accumulation layer 4 decreases gradually, prolonged data-hold is difficult in practice. 
However, re-writing is possible enough within the refreshment term of a usual dynamic RAM, and 
it is thought that it is satisfactory at all in the operation as a dynamic RAM. 
This is shown in 1995 lEDM digest p.867 by C.H-J.Wann et al. 

[0069] Reading of a memory cell is performed by detecting the read-out current which flows 
between a source electrode and drain electrodes. 

It uses that the current transfer characteristics near a source field and the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4c and 4d. 

To which a bias shall be carried out between source electrode and drain electrode should just 
choose the direction where the modulation of current transfer characteristics appears notably. 
The information for 2 bits is memorizable in one cell by acquiring the four different current 
transfer characteristics according to four accumulation states of the electric charge accumulation 
layers 4c and 4d. 
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[0070] Furthermore, if the volatile memory concerning the 6th embodiment form of this invention 
does not pour a charge into the charge accumulation layers 4c and 4d, it is possible to make it 
operate as a usual MOS transistor. 

[0071] (C) The manufacture method of a non-volatility and a volatile mixed-loading memory 
Next, the manufacture method of the memory cell of the nonvolatile memory concerning the 6th 
embodiment form of this invention and an volatile memory is explained using Fig. 35 to Fig. 43 
and using Fig. 44 to Fig. 52. 

Fig. 35 to Fig. 43 are showing the manufacture method of the non-volatile memory concerning 
the 6th embodiment form of this invention. \ 

Fig. 44 to Fig. 52 are showing the manufacture method of the volatile memory concerning the 6th 
embodiment form of this invention. 

[0072] As first shown in Fig. 35 and Fig. 44, the small silicon nitride of charge store capacity is 
deposited all over p type semiconductor substrate 1 , and the about 1 0nm 1 st gate insulator layer 
13 is formed. 

After 1st gate insulator layer 13 formation, the non-volatile memory formation field of Fig. 35 is 
covered by the photoresist for example and only the 1st gate insulator layer 13 of the 
volatile-memory formation field of Fig. 44 is removed, by the wet etching method for example, 
using the heating phosphoric-acid solution. 

Therefore, the 1st gate insulator layer 13 is formed only in the non-volatile memory formation 
field of Fig. 35. 

Deposition of a silicone nitriding film with small electric charge accumulation capability is 
performed for example, by the JVD method. 

[0073] Next, as shown in the Fig. 36 and the Fig. 45 , a silicon oxide is deposited all over p type 
semiconductor substrate 1 by CVD, and the about 5-1 Onm 2nd gate insulator layer 14 is formed. 
Then, a silicone nitriding film with small electric charge accumulation capability is deposited by 
the JVD method, and the about lOnm 3rd gate insulation film 15 is formed. 
After all, the 1st, the 2nd and 3rd gate insulator layers 13, 14 and 15 are formed in the 
non-volatile memory formation field of Fig. 36, and the 2nd and the 3 gate insulator layers 14 euid 
15 are formed in the volatile-memory formation field of Fig. 45. 

[0074] Next, as shown in the Fig. 37 and the Fig. 46 , after depositing the about 50-250nm 
polycrystal silicon layer which doped n type or p type impurity by the LPCVD method all over p 
type semiconductor substrate 1, patterning is carried out with exposure technique and etching 
technique, and the gate electrode 3 is formed. 

Then, in the nonvolatile memory formation field of Fig. 37, dry etching the 1st gate insulation film 
13, the 2nd gate insulation film 14 and the 3rd gate insulation film 15 on the surface of p type 
semiconductor substrate 1 of the field which forms a sauce filed and a drain field is carried out 
self-adjustingly. 

On the other hand, in the volatile-memory formation field of Fig. 46 , dry etching of the 2nd gate 
insulator layer 14 and the 3rd gate insulator layer 15 is carried out self-adjustingly. 

[0075] Next, as shown in the Fig. 38 and the Fig. 47, the space 17 for charge accumulation layer 
formation is formed. 

This space 17 is formed by carrying out wet etching of the end of the 2nd gate insulator layer 14 
alternatively using etching liquid with an etching speed of the 2nd gate insulation film 14 quicker 
than the 1st gate oxide-film 13. 

The space 17 to form a charge accumulation layer in the non-volatile memory formation field in 
the nonvolatile memory formation domain of Fig. 38 and the space 17 to form a charge 
accumulation layer in the volatile memory formation field in the nonvolatile memory formation 
domain of Fig. 47 is formed simultaneously. 

What is necessary is just to use for example, a fluoric acid type as an etching reagent with the 
6th embodiment form of this invention, since the 1st gate oxide-film 13 and the 3rd gate insulator 
layer 1 5 is constituted from a silicon nitride and the 2nd gate insulator layer 1 4 is constituted from 
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a silicon oxide. 

Moreover, you may form this space 17 by the plasma dry etching method using the gas which 
contains HF gas instead of the wet etching method which used etching reagent. 

[0076] Next, as shown in the Fig. 39 and the Fig. 48 , it oxidizes by the RTO method and the 
tunnel insulator layer 23 which consists of the silicon oxide in which a direct tunnel is possible is 
formed for the whole surface of p type semiconductor substrate 1 . 

[0077] Next, as shown in the Fig. 40 and the Fig. 49 , it deposits so that the space 1 7 for charge 
accumulation layer formation may be completely embedded in the high silicon nitride 18 of 
charge store capacity by the LPCVD method all over p type semiconductor substrate 1 . 
And as shown in the Fig. 41 and the Fig. 50 , anisotropic etching by RIE is performed to whole 
surface of the p type semiconductor substrate 1 , and the charge accumulation layer 4 (4a, 4b, 4c, 
4d) which consisted of a silicon nitride of high charge store capacity is formed simultaneously. 

[0078] Next, as shown in the Fig. 42 and the Fig. 51 , after forming an oxide film 16 all over p 
type semiconductor substrate 1, n- type diffusion layer 10 of low impurity concentration is 
formed. 

It forms by activating the impurity which n- type diffusion layer 1 0 used the gate electrode 3 as 
the mask with ion-implantation technique, poured in n type impurity, and was poured in with 
subsequent heat treatment. 

[0079] Next, as shown in the Fig. 43 and the Fig. 52 , after forming the side wall spacer 9 in the 
side attachment wall of the gate electrode 3, n+ type diffusion layer 11 of high impurity 
concentration is formed. 

It forms by activating the impurity which n+ type diffusion layer 1 1 used the gate electrode 3 and 
the side wall spacer 9 as the mask with ion-implantation technique, poured in n type impurity, and 
was poured in with subsequent heat treatment. 

[0080] And the thing for which high-melting point metal membranes, such as a tungsten, titanium, 
and cobalt, are deposited by CVD or the spatter all over the p type semiconductor substrate 1 , 
then the p type semiconductor substrate 1 is heat-treated in an inert atmosphere and the electric 
conduction layer 1 2 which consists of a refractory-metal silicide is formed in each surface of the 
gate electrode 3 and n+ type diffusion layer 1 1 . 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure of volatile memory shown in 
the non-volatile memory the Fig. 32 and having shown in Fig. 31 will be completed. 

[0081] In addition, although illustration is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of the Fig. 31 and the Fig. 32 , and the semiconductor 
device which carried final non-volatile memory and final volatile memory is completed. 

[0082] Thus, with the 6th embodiment form of this invention, the charge accumulation layer 4 (4a, 
4b, 4c, 4d) can be formed in a self-matching target down the ends of the gate electrode 3. 
Therefore, micronizatlon of the orientation of gate length of the memory cell transistor of the Fig. 
31 and the Fig. 32 is attained. 

Thereby, large capacity, high-density non-volatile memory, and volatile memory can be offered. 
Moreover, the cell area per bit is mostly reduced by half compared with the former, and the 
non-volatile memory and volatile memory that were reduced sharply can be realized. 

[0083] The width of the direction of channel length of the charge accumulation layer 4 is easily 
controllable by the etching speed difference of p type semiconductor substrate 1, the 1st gate 
insulation film 13, the 3rd gate insulation film 15, and the 2nd gate insulation film 14, and 
regulation of etching time. 
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Thereby, the charge accumulation layer 4 can be arranged symmetrically. 
And since it is electrically separated completely by the 2nd gate insulation film 14 between the 
electric charge accumulation layers 4, the interaction between the electric charge accumulation 
layers 4 does not happen. 

Furthermore, from a source field, a drain field, the gate electrode 3, and a channel field, since the 
1st insulator layer 13, tunnel insulator layer 23, 3rd insulator layer 15. and oxide film 16 insulate 
completely, the charge accumulation layer 4 can offer the non-volatile memory and volatile 
memory which were excellent in the charge hold property. 

The charge accumulation layer 4 is extended and formed in the direction of a channel field from 
the end of gate electrode 3, and the current transfer-characteristics of a memory cell is mostly 
decided by the electric change accumulation state of the fraction by the side of the channel field 
of the electric charge accumulation layer 4. 

Therefore, if the length of the orientation of gate length of this fraction is reduced to a limitation, 
more detailed non-volatile memory and more detailed volatile memory can be offered. 

[0084] Since it is easily realizable at usual CMOS process, the cellular structure can manufacture 
non-volatile memory and volatile memory by the low cost using the existing production line. 

[0085] Furthermore, since the greater part of the manufacturing process is communalized, it is a 
low cost, and above-mentioned non-volatile memory and above-mentioned volatile memory are 
the short manufacture time necessary for completion, and can manufacture the semiconductor 
device consolidated with non-volatile memory and volatile memory. 

[0086] In addition, although the 1st gate insulator layer 13 is constituted from silicon nitride and 
the 2nd gate insulator layer 14 are constituted from a silicon oxide and the 3rd gate insulator 
layer 15 is constituted from silicon nitride in the 6th embodiment form of this invention, you may 
constitute the 1st gate insulator layer 13 from a silicon oxide, the 2nd gate insulator layer 1 4 from 
a silicon nitride, and the 3rd gate insulator layer 15 from a silicon oxide. 

In this case, for example, the 1st gate insulator layer 13 consists of an about lOnm silicon oxide 
which oxidized thermally the p type semiconductor substrate 1 . 

The 2nd gate insulator layer 14 consists of a low silicon nitride of the about 5-10nm-charge store 
capacity deposited by the JVD method. 

The 3rd gate insulator layer 15 consist of an about 1 0nm silicon oxide deposited by CVD. 
Moreover, since formation of the space 17 for charge accumulation layer formation constitutes 
1st gate oxide-film 13 and constitutes the 3rd gate insulator layer 15 from a silicon oxide and 
constitutes the 2nd gate insulator layer 14 from a silicon nitride, it should just use for example, a 
phosphoric-acid type as an etching reagent. 

[0087](7th Embodiment Form) Next, the 7th embodiment form of this invention is explained. 
The 7th embodiment form shows the example which realizes the non-volatility memory which 
can be written in and eliminated electrically, and the volatile memory in which writing and 
read-out at high speed are possible on the same chip like the 6th embodiment form of the above. 
Fig. 53 is a cross section showing the memory cell structure of the nonvolatile memory carried in 
the semiconductor memory storage concerning the 7th embodiment form of this invention. 
Fig. 54 is a cross section showing the memory cell structure of the volatile memory carried in the 
semiconductor memory storage concerning the 7th embodiment form of this invention. 
Non-volatile memory of Fig. 53 and volatile memory of Fig. 54 are consolidated on the same 
chip. 

Since it is the same as that of the 6th embodiment form of the above about the non-volatile 
memory shown in Fig. 53, the explanation is omitted. 

[0088] As shown in Fig. 54, the memory cell of the volatile memory conceming the 7th 
embodiment form of this invention consists of an n type MOS trainsistor. 

And with the memory cell structure of this volatile memory, charge accumulation layer 4e is 
arranged through the tunnel insulator layer 23 on the principal plane of the p type semiconductor 
substrate 1 . 
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On charge accumulation layer 4e, the gate electrode 3 is formed through the 4th gate insulator 
layer 24. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 10 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 1 1 of the high impurity concentration located in the outside of this n- 
type diffusion layer 10 are formed in the principal plane of the p type semiconductor substrate 1 
of the lower part of this side wall spacer 9. 

The electric conduction layer 12 is formed in each surface of the gate electrode 3 and n+ type 
diffusion layer 1 1 . 

[0089] The memory cell of the volatile memory concerning the 7th embodiment form of this 
invention has LDD structure that constituted the source field and the drain field from an n- type 
diffusion layer 1 0 of low impurity concentration, and an n+ type diffusion layer 1 1 of high impurity 
concentration. 

And it consists of a laminated structure to which a gate insulator layer changes from the tunnel 

insulator layer 23 and the 4th gate insulator layer 21, and charge accumulation layer 4e is 

arranged between the tunnel insulator layer 23 and the 4th gate insulator layer 24. 

An electron is accumulated to this charge accumulation layer 4e, and the amount of the 

threshold voltage produced by the existence of the electron held at this electric charge 

accumulation layer 4e is made to correspond to memory information "0" and "1". 

What is necessary is for charge accumulation layer 4e just to consist of a high silicon nitride of 

the charge store capacity by CVD. 

It is because the charge holds property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

If the 4th gate insulator layer 24 is furthermore constituted from a silicon nitride (Si3N4 layer) 
which has an about 2 times of a silicon oxide (Si02 layer) dielectric constant, a silicon-oxide 
conversion thickness can stabilize for It and realize the very thin gate insulator layer which Is 
4nm to about 1 1 nm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about lOnm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, voltage at the time of electronic pouring operation and extraction operation is formed 
into low voltage, and not only detailed-izing of a memory cell but micronization of a 
circumference high-voltage operation element of it is attained. 

[0090] Although LDD structure is constituted from a memory cell of a volatile memory by 
installing n- type diffusion layer 1 0 for the purpose of pressure-proof enhancement of a sauce 
field and a drain field, a sauce field and a drain field may consist of single drain structure and 
double drain structure. 

[0091] In the volatile memory concerning the 7th embodiment form of this invention, the tunnel 
insulator layer 23 is arranged in the lower part of charge accumulation layer 4e. 
The tunnel insulator layer 23 consists of a silicon oxide of the thin film which has the thickness in 
which direct tunneling is possible, and read-out write-in high-speed of it in 1 00 or less ns required 
of a dynamic RAM becomes possible. 

When the tunnel Insulator layer 23 is constituted from a silicon oxide, the thickness is just 3nm or 
less. 

Moreover, If constituted from a silicon nitride 3nm or less, a silicon-oxide conversion thickness 
can stabilize for it and realize the very thin tunnel insulator layer 23 which is about 1 .5nm. 

[0092] Furthermore, if an electric charge is not poured into electric charge accumulation layer 4e, 
it is possible to also make it operate as a usual MOS transistor as for the volatile memory 
concerning the 7th embodiment form of this invention. 



26 



[0093] Next, the manufacture technique of the memory cell of the non-volatile memory and 
volatile memory concerning the 7th embodiment form of this invention is explained using Fig. 55 
to Fig. 62, and Fig. 63 to Fig. 70 . 

Fig. 55 to Fig. 62 is a cross section showing the manufacture method of the nonvolatile memory 
concerning the form of implementation of the 7th of this invention. 

Fig. 63 to Fig. 70 is a cross section showing the manufacture method of the volatile memory 
concerning the 7th embodiment form of this invention. 

[0094] As first shown in Fig. 55 and Fig. 63, the about 10nm 1st gate insulator layer 13 is formed 
by depositing the small silicon nitride of charge accumulation capability all over p type 
semiconductor substrate 1 , 

Deposition of the small silicon nitride of charge store capacity is performed by the JVD method, 
for example. 

The about 5-1 Onm 2nd gate insulator layer 1 4 is formed by depositing a silicon oxide by the CVD 
method after 1 st gate insulator layer 1 3 formation. 

Then, the about lOnm 3rd gate insulator layer 15 is formed by depositing the small silicon nitride 
of charge accumulation capability by the JVD method. 

[0095] Next, as shown in Fig. 56 and Fig. 64, after depositing the about 50-250nm polycrystal 
silicon layer which doped n type or p type impurity by the LPCVD method all over p type 
semiconductor substrate 1 , an gate electrode 3 is formed in the nonvolatile memory formation 
domain in Fig. 56 by carrying out patterning with exposure technnique and etching technnique. 
Then dry etching of the 1st gate insulator layer 13, the 2nd gate insulator layer 14 and the 3rd 
gate insulator layer 15 on the surface of p type semiconductor substrate 1 of the field which 
forms a sauce field and a drain field by using gate electrode 3 as a mask is carried out 
self-adjustlngly. 

In the volatile memory formation field of Fig. 64, a ploycrystal silicone film, the 1st gate insulator 
layer 13, the 2hd gate insulator layer 14 and the 3rd gate insulator layer 15 are removed 
altogether, and the surface of p type semiconductor substrate 1 is exposed. 

[0096] Next, as shown in Fig. 57, in a non-volatile memory formation field, the space 17 for 
charge accumulation layer formation is formed. 

The space 17 for this charge accumulation layer formation is formed by carrying out wet etching 
of the end of the 2nd gate insulator layer 14 alternatively using etching liquid with an etching 
speed of the 2nd gate insulator layer 14 quicker than the 1st gate oxide-film 13 and the 3rd gate 
insulator layer 15. 

What is necessary is just to use for example, a fluoric acid type as ah etching reagent with the 
7th embodiment form of this invention, since it reaches 1st gate oxide-film 13, the 3rd gate 
insulator layer 15 is constituted from a silicon nitride and the 2nd gate insulator layer 14 is 
constituted from a silicon oxide. 

What is necessary is just to use for example, a fluoric acid type as etching reagent, since the 1st 
gate oxide-film 13 and the 3rd gate insulator layer 15 are constituted from a silicon nitride and the 
silicon oxide constitutes the 2nd gate insulator layer 14 in the 7th embodiment form of this 
invention. 

Moreover, you may form the space 17 for charge accumulation layer system formation by the 
plasma dry etching method using the gas which changes to the wet etching method which 
contains HF gas instead of the wet etching method which used etching reagent.On the other 
hand, as shown in Fig, 65, in the volatile-memory formation field, the surface of the p type 
semiconductor substrate 1 has been exposed. 

[0097] Next, as shown in Fig. 58 and Fig. 66, the tunnel insulator layer 23 which is by the RTO 
method for example, and consists of the silicon oxide which can be tunneled direct is formed all 
over p type semiconductor substrate 1 . 

After forming the tunnel insulation film 23, Vne silicon nitride 18 of high electric charge 
accumulation capability is deposited by the LPCVD method all over p type semiconductor 
substrate 1 . 
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At this time, the space 17 for electric charge accumulation layer formation is completely 
embedded with the silicone nitriding film 18. 

And as shown in Fig. 59, in a nonvolatile memory formation field, anisotropic etching by RIE is 
performed to the whole surface of p type semiconductor board 1, and the electric charge 
accumulation layer 4 (4a, 4b) which consisted of high silicon nitride 18 of electric charge 
accumulation capability is formed. 

In that case, the volatile memory formation field shown in Fig. 67 is covered by photoresist, and 
the silicone nitride 1 8 is not etched. 

[0098] After etching the silicon nitride 18, a silicon oxide is deposited all over p type 
semiconductor substrate 1 , and the 4th gate insulator layer 24 is formed. 

In this time the 4th gate insulator layer 24 of the nonvolatile memory formation field shown in Fig. 
59 is removed. 

The removal covers the volatile memory formation field shown in Fig. 67 by photoresist, and is 
performed by etching the 4th gate insulator layer 24 deposited on the nonvolatile memory 
formation field shown in Fig. 59, 

[0099] Next, as shown in Fig. 68, the about 50-250nm polycrystal silicon layer whjch doped n 
type or p type impurity by the LPCVD method accumulates all over p type semiconductor 
substrate 1 . 

And patterning of the polycrystal silicon layer is carried out with exposure technique and etching 
technique, and gate electrode 3a is formed. 

Then, using gate electrode 3a be an etching mask, dry etching of the tunnel insulator layer 23, 
electric charge accumulation layer 4e and the 4th gate insulator layer 24 on the surface of p type 
semiconductor substrate 1 of the field which forms a sauce field and a drain field is carried out 
self-adjustingly. 

On the other hand, in a nonvolatile memory formation field, as shown in Fig. 60, all plycrystal 
silicone films may be removed, or patterning may be carried but according to gate electrode 3, 
and new gate electrode may be formed. 

[0100] Next, as shown in the Fig. 61 and the Fig. 69 , after pouring in n type impurities by using 
the gate electrode 3 as a mask with ion implantation technique, n- type diffusion layer 10 is 
formed by activating the impurity poured in by heat treatment. 

[0101] Next, as shown in the Fig. 62 and the Fig. 70 , after forming the side wall spacer 9 in the 
side wall of the gate electrode 3, n+ type diffusion layer 11 of high impurity concentration is 
formed. 

After pouring in n type impurity with ion implantation technique by using the gate electrode 3 and 
the sidewall spacer 9 as a mask, n+ type diffusion layer 1 1 is formed by activating the impurities 
poured in by heat treatment. 

[0102] Next, high-melting point metal membranes, such as tungsten, titanium, and cobalt, are 
deposited by the CVD method or the spatter method all over the p type semiconductor substrate 
1 and the electric conduction layer 1 2 which consists of refractory metal silicide is formed on 
each surface of the gate ielectrode 3 and n+ type diffusion layer 11 by heat-treating p type 
semiconductor substrate 1 in an inactive atmosphere. 

After the electric conduction layer 12 was formed, if the unreacted high-melting point metal which 
remained in fields other than the above is removed, the memory cell structure of a nonvolatile 
memory shown in Fig. 53 and of a volatile memory shown in Fig. 54 will be completed. 

[0103] Although illustration is not carried out, after memory cell structure completion of Fig. 53 
and Fig. 54, a final non-volatility memory cell and an volatile memory cell are completed through 
the usual CMOS manufacturing processes, such as an insulator-layer formation process 
between layers, a contact hole formation process, a wiring formation process and a passivation 
film formation process, one by one. 
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[0104] With the 7th embodiment form of this invention, although the 1st gate insulator layer 13 
consists of silicon nitride, the 2nd gate insulator layer 14 consists of silicon oxide and the 3rd 
gate insulator layer 15 consists of silicon nitride, the 1st gate insulator layer 13 may be 
constituted from a silicon oxide, the 2nd gate insulator layer 14 may be constituted from a silicon 
nitride, and the 3rd gate insulator layer 1 5 be constituted from a silicon oxide. 
In this case, for example, the 1st gate insulator layer 13 consists of an about 10nm silicon oxide 
which oxidized thermally the p type semiconductor substrate 1 . 

The 2nd gate insulator layer 14 consists of a low silicon nitride of the about 5-1 Onm charge store 
capacity deposited by the JVD method. j 

The 3rd gate insulator layer 15 consists of an about lOnm silicon oxide deposited by CVD, 
Moreover, what is necessary is just to use for example', a phosphoric-acid type as an etching 
reagent in formation of the space 17 for electric charge accumulation layer formation, since the 
1st gate oxide-film 13 and the 3rd gate insulator layer 15 are constituted from a silicon oxide and 
the 2nd gate insulator layer 14 is constituted from a silicon nitride. 

[0105] Although both the memory cells of non-volatile memory and volatile memory explained 
the example which consists of an n type MOS transistor with the gestalt of the 6th and operation 
of the 7th of this irrvention, of course, you may be the memory ceil of p type MOS transistor of an 
opposite conductivity type. 

In this case, what is necessary is just to read the electric conduction type of a substrate or a 
diffusion layer as an opposite thing suitably in the above-mentioned explanation. 

[0106] (8th Embodiment Form) Next, the 8th embodiment form of this invention is explained. 
In the above 1 st to the 7th embodiment forms, the structure of a charge accumulation layer is not 
directly contributed to the enhancement in electron-injection efficacy. 

In the nonvolatile semiconductor memory of floating-gate structure, a stage is prepared in a 
channel fraction and the attempt which raises electron-injection efficacy is proposed. (S. Ogura 
and 1998 lEDM, p987, and the U.S. patent number of No. 5780341) 

However, this proposal is weak to the defect and leak site in an oxidization film in order to adopt 
floating gate structure. 

Moreover, there is a possibility that sufficient reliability cannot be acquired, also to the defect 
which may be generated at the time of stage structure formation. 

The 8th embodiment form of this invention is an easy process, and can raise electron-irijection 
efficacy. 

[0107] Fig. 71 is a cross section showing the memory cell structure of the nonvolatile 

semiconductor memory concerning the 8th embodiment form of this invention. 

This 8th embodiment form aims at enhancement in the electron-injection efficacy at the time of 

writing by the method of preparing a stage and an inclination in the channel field of a memory 

cell. 

As shown in Fig. 71 , this memory cell consists of an n type MOS transistor. 
And with the structure of the memory cell concerning the 8th embodiment form, the 2nd gate 
insulator layer 14 is formed on the surface of the p type semiconductor substrate 1 through the 
1st gate insulator layer 13. 

The charge accumulation layers 4a and 4b are formed in the ends of the 2nd gate insulator layer 
14. 

On the 2nd gate insulator layer 14 and charge accumulation layer 4a and 4b, the gate electrode 
3 is formed through the 3rd gate insulator layer 1 5. 

The side wall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 1 6, 
and n- type diffusion layer 1 0 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 11 of the high impurity concentration located in the outside of this n- 
type diffusion layer 1 0 are formed in the p type semiconductor substrate 1 of the lower part of this 
side wall spacer 9. 

The electric conduction layer 12 is formed on each surface of the gate electrode 3 and n+ type 
diffusion layer 11. 
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[0108] Furthermore, with the memory cell structure of the nonvolatile semiconductor memory 
concerning the 8th embodiment form of this invention, a stage 26 is formed in the channel field 
25. 

With this stage 26, the charge accumulation layer 4 will be located in the dispersion orientation of 
the electron in the p type semiconductor substrate 1 , 

Therefore, the injection efficiency of the electron at the time of writing improves. 

[0109] The memory cell of the non-volatility semiconductor memory concerning the 8th 
embodiment form of this invention has the LDD structure where the sauce field and the drain 
field consisted of an n- type diffusion layer 10 of low impurities concentration and an n+ type 
diffusion layer 1 1 of high impurities concentration. 

A gate insulator layer consists of three-layer laminating films which consist of the 1st gate 
insulator layer 13 (lower layer), the 2nd gate insuliator layer 14 (interlayer) and the 3rd gate 
insulator layer 15 (upper layer), and the electric charge accumulation layers 4a and 4b are 
formed in the both ends of the 2nd gate insulator layer 14. 

An electron is accumulated to these two charge accumulation layers 4a and 4b, and the 
accumulation state can take the following four status. 

(1) The state where neither of the electric charge accumulation layers 4a and 4b is 
accumulating the electron, 

(2) The state where only electric charge accumulation layer 4a is accumulating the electron, 

(3) The state where only electric charge accumulation layer 4b is accumulating the electron, 

(4) The state where the electric charge accumulation layers 4a and 4b are accumulating the 
electron, 

The amount of which is produced by the existence of the electron held at these two charge 
accumulation layers 4a and 4b threshold change of potential is made to correspond to a storage 
information "00", "01 ", "10" and "1 1 ". 

Moreover, with this memory cell structure, since the charge accumulation layers 4a and 4b are 
located in the upper part of a channel field edge, the threshold voltage of the central part of a 
channel field is decided only by impurity concentration of a channel field, and it does not depend 
for it on the accumulation state of the electron of the charge accumulation layers 4a and 4b. 
Therefore, fault deletion (over-erase) by the excess and deficiency of the electron of the charge 
accumulation layers 4a and 4b is prevented, and the poor leakage, a poor program, and poor 
read-out resulting from fault deletion must have been produced. 

Moreover, the leakage current between a source field and a drain field can be suppressed only 
by the gate voltage, and can realize highly reliable nonvolatile semiconductor memory. 
What is necessary is for the charge accumulation layers 4a and 4b just to consist of a high silicon 
nitride of the charge store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membraneous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

Furthermore, if the 1st gate insulator layer 13 and the 3rd gate insulator layer 15 are constituted 
from a silicon nitride (Si3N4 layer) which has an about 2 times of a silicon oxide (Si02 layer) 
dielectric constant, a silicon-oxide conversion thickness can stabilize for it and realize the very 
thin gate insulator layer which is 4nm - about 1 1 nm. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about 10nm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is formed into low 
voltage, and not only detailed-izing of a memory cell but micronization of a circumference 
high-voltage operation element of it is attained. 

[0110] Although LDD structure is constituted from a memory cell of a nonvolatile memory 
concerning the 8th embodiment form of this invention by installing n- type diffusion layer 10 for 
the purpose of pressure-proof enhancement of a sauce field and a drain field, a sauce field and a 
drain field may consist of single drain structure arid double drain structure. 
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Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layer 4a and 4b, it can consist of a silicon oxide, for example. 

Moreover, if the metal oxide film that has a high dielectric constant is used for 2nd gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved. 
For example, it is possible to use Ti02, Ta 205, AI205, PZT and SBT as a metal oxide film, 

[Oil 1] With the 8th embodiment form of this invention, although the stage 26 was formed in both 
of the source and a drain, you may prepare only in either. 

Especially the memory that memorizes the information for 1 bit is enough if there is only one. 

[01 1 2] Next, an operation of the non-volatile memory concerning the 8th embodiment form of this 
invention is explained using Fig. 72 and Fig. 73. 

Fig. 72 is a cross section of the non-volatile memory explaining a write-in operation. 

Fig. 73 is a cross section of the non-volatile memory explaining a deletion operation. 

As shown in Fig. 72 , at the time of the writing of a memory cell, about 6-8V is Impressed to gate 

G, about 4-5V is impressed to drain D, respectively, and source S is grounded. 

Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b of the 

drain field by the channel thermoelectron (CHE). 

By having formed the stage 26 in the channel field 25, it is located in the electronic dispersion 
orientation at charge accumulation layer 4b. 

For this reason, the electronic injection efficiency to charge accumulation layer 4b can improve, 
and improvement in the speed of an injection speed and reduction-ization of applied voltage can 
be attained. 

What is necessary is just to replace with the above-mentioned case the voltage impressed to 
drain D and each source S, in pouring an electron into charge accumulation layer 4a of a source 
field. 

On the other hand, as shown in Fig. 73 , a deletion of a memory cell impresses a negative 
voltage (at least -5V) to gate G, and is performed by drawing out an electron from the charge 
accumulation layers 4a and 4b using a Fowler Nordheimt (FN) type tunnel current. 
Moreover, when the gate electrode 3 is shared by plural memory cells, an electron can be 
simultaneously drawn out from those memory cells. 

In this case. Sauce S and Drain D should just be taken as the same potential as p type 
semiconductor substrate 1 . 

Moreover, it is also possible to impress the right voltage different from the potential of the p type 
semiconductor substrate 1 to drain D, and to draw out an electron for source S only from floating 
potential (Floating), then charge accumulation layer 4a of drain D. 

What is necessary is to impress a right voltage to source S, in drawing out an electron only from 
charge accumulation layer 4b of source S, and just to let drain D be floating potential. 

[0113] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current which flows between source S and drain D. 
It uses that the current transfer characteristics near the source field and near the drain field 
(channel conductance) become irregular according to the store status of the charge 
accumulation layers 4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different current 
transfer characteristics are obtained and, thereby, the information for 2 bits can be memorized in 
one cell. 

[0114] Next, the manufacture technique of the memory cell of the non-volatile memory 
concerning the 8th embodiment form of this invention is explained using the Fig. 74 to the Fig. 
82. 

As first shown in Fig. 74, the wrap photoresist pattern 27 Is formed for the field in which the 
channel field 25 is formed on the p type semiconductor substrate 1 . 

And as shown in Fig. 75, a stage 26 is formed by etching the p type semiconductor substrate 1 
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by the RIE method 



[01 15] Next, as shown in Fig. 76, the small silicon nitride of charge store capacity is deposited all 
over p type semiconductor substrate 1 , and the about 1 0nm 1 st gate insulator layer 1 3 is formed. 
Deposition of the small silicon nitride of charge store capacity is performed for example, by the 
JVD method. 

A silicon oxide is deposited by CVD after 1st gate insulator layer 13 formation, and the about 
5-1 Onm 2nd gate insulator layer 14 is formed. 

Then, the small silicon nitride of charge store capacity is deposited by the JVD method, and the 
about 1 0nm 3rd gate insulator layer 1 5 is formed. 

[0116] Next, as shown in Fig. 77, after depositing the about 50-250nm polycrystal silicon layer 
which doped n type or p type impurity by the LPCVD method all over p type semiconductor 
substrate 1 , patterning is carried out with exposure technique and etching technique, and the 
gate electrode 3 is formed. 

Then dry etching of the 1st gate insulator layer 13, the 2nd gate insulator layer 14 and the 3rd 
gate Insulator layer 15 on the surface of p type semiconductor substrate 1 of the field which 
forms a sauce field and a drain field by using the gate electrode 3 as a mask is carried out 
self-adjustingly. 

[0117] Next, as shown in Fig. 78 , the space 17 for charge accumulation layer formation is 
formed. 

This space 17 is formed by reaching 1st gate oxide-film 13 and carrying out wet etching of the 
edge of the 2nd gate insulator layer 14 alternatively rather than the 3rd gate insulator layer 15 
using the etching reagent with the large etch rate of the 2nd gate insulator layer 14. 
This space 17 is formed by carrying out wet etching of the end of the 2nd gate insulator layer 14 
alternatively using etching liquid with an etching speed of the 2nd gate insulation film 14 quicker 
than the 1st gate oxide-film 13. 

What is necessary is just to use for example, a fluoric acid type as an etching reagent with the 
8th embodiment form of this invention, since the 1st gate oxidization film 13 and the 3rd gate 
insulator layer 15 are constituted from a silicon nitride and the 2nd gate insulator layer 14 is 
constituted from a silicon oxide. 

Moreover, you may form the space 1 7 for charge accumulation layer formation by the plasma dry 
etching method using the gas which contains HF gas instead of the wet etching method which 
used the etching reagent. 

[0118] Next, as shown in Fig. 79, it deposits so that the space 17 for charge accumulation layer 
formation may be completely embedded in the high silicon nitride 1 8 of charge store capacity by 
the LPCVD method all over p type semiconductor substrate 1. 

And as shown in Fig. 80, anisotropic etching by RIE is performed to the p type semiconductor 
substrate 1 whole surface, and the charge accumulation layers 4a and 4b which consisted of a 
silicon nitride of high charge store capacity are formed. 

[0119] Next, as shown in Fig. 81 , after forming an oxide film 16 all over p type semiconductor 
substrate 1 , n- type diffusion layer 10 of low impurity concentration is formed. 
N- type diffusion layer 10 is formed by pouring in n type impurity with ion-implantation technique 
which uses the gate electrode 3 as the mask, and by activating the impurity that was poured in 
with subsequent heat treatment. 

[0120] Next, as shown in Fig. 82, after forming the side wall spacer 9 in the side attachment wall 
of the gate electrode 3, n+ type diffusion layer 1 1 of high impurity concentration is formed. 
N+ type diffusion layer 1 1 is formed by pouring in n type impurity with ion-implantation technique 
which uses the gate electrode 3 and the side wall spacer 9 as the mask, and by activating the 
impurity that was poured in with subsequent heat treatment. 

[0121] Next, membranes of high-melting point metals such as a tungsten, titanium, and cobalt, 
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are deposited by CVD or the spatter all over the p type semiconductor substrate 1 , and then, by 
heat-treating the p type semiconductor substrate 1 in an inert atmosphere, in each front face of 
the gate electrode 3 and n+ type diffusion layer 11 the electric conduction layer 12 which 
consists of a refractory-metal silicide is formed. 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 71 will be 
completed. 

[0122] In addition, although illustration is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 71 , and a final nonvolatile memory cell is 
completed. 

[0123] Thus, with the 8th embodiment form of this invention, the charge accumulation layers 4a 
and 4b can be formed in a self-matching way down the ends of the gate electrode 3. 
Therefore, micronization in the orientation of gate length of a cell transistor is attained. 
Thereby, large capacity and high-density nonvolatile semiconductor memory can be offered. 
Moreover, the cell area per bit is mostly reduced by half compared with the former, and 
nonvolatile semiconductor memory reduced sharply can be realized. 

[0124] Moreover, the width of face of the orientation of channel length of the charge 
accumulation layers 4a and 4b can be easily controlled by adjustment of the etch-rate difference 
and etching time of the 1st gate insulator layer 13, and of the 3rd gate insulator layer 15 and the 
2nd gate insulator layer 14. 

Thereby, the charge accumulation layers 4a and 4b can be arranged symmetrically. 
And since the charge accumulation layers 4a and 4b are electrically separated completely by the 
2nd gate insulator layer 14, the interaction between charge accumulation layer 14a and 14b do 
not happen. 

Furthermore, since the charge accumulation layers 4a and 4b are insulated completely from a 
source field, a drain field, the gate electrode 3, and a channel field by the 1st insulator layer 13, 
3rd insulator layer 15, and oxide film 16, the nonvolatile semiconductor memory with excellent 
charge hold property can be offered. 

Charge accumulation layers 4a and 4b aire formed extending in the orientation of a channel field 
from the edge of the gate electrode 3, and the current-conducting characteristics of a memory 
cell are mainly set by the charge store status of the part by the side of the channel field of the 
charge accumulation layers 4a and 4b. 

Therefore, if the length of the orientation of gate length of this part is reduced to the limits, more 
detailed nonvolatile semiconductor memory can be offered. 

[0125] Furthermore, since the cellular structure is easily realizable at usual CMOS process, 
nonvolatile semiconductor memory can be manufactured at low cost using the existing 
production line. 

[0126] And with the 8th embodiment form of this invention, the electron-injection efficacy at the 
time of writing can be raised. 

For this reason, improvement in the speed of drawing speed and reduction-ization of the applied 
voltage at the time of writing can be attained. 

[0127] (9th Embodiment Form) Next, the 9th embodiment of this invention is explained. 
In the above 8th embodiment, the 9th embodiment of this Invention makes unnecessary the 2hd 
insulator layer 14 arranged between charge accumulation layer 4a of Fig. 71 , and charge 
accumulation layer 4b, and has taken the configuration which made two charge accumulation 
layers 4a and 4b unify. 

Fig. 83 is a cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 9th embodiment of this invention. As shown in Fig. 83 , this memory cell 
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structure is arranged charge accumulation layers 4f instead of to the charge accumulation layers 
4a and 4b and the 2nd insulator layer 14 of the 8th embodiment. 

[0128] Next, the manufacture technique of the memory cell of the non-volatile memory 
concerning the 9th embodiment of this invention is explained using the Fig. 84 to the Fig. 89 . 
Like the 8th embodiment, as shown in Fig. 84 , the photo resist pattern 27 is formed for the field 
in which the channel field 25 is formed on the p type semiconductor substrate 1 . 
And as shown in Fig. 85 , a level difference 26 is formed by etching the p type semiconductor 
substrate 1 by the RIE method. 

[0129] Next, as shown in Fig. 86, the silicon nitride film of small charge store capacity is 
deposited all over p type semiconductor substrate 1, and the 1st gate insulator layer 13 having 
about lOnm is formed. 

Deposition of the silicon nitride film of small charge store capacity is performed for example, by 
the JVD method. 

The silicon nitrides film 18 high of charge store capacity is formed in about 5-1 Onm by the 
LPCVD method after 1st gate insulator layer 13 formation. 

Then, the silicon nitride film of small charge store capacity is deposited by the JVD method, and 
the 3rd gate insulator layer 15 in about 1 0nm is formed. 

[0130] Next, as shown in Fig. 87 , after depositing the about 50-250nm polycrystal silicon layer 
which doped n type or p type impurity by the LPCVD method all over p type semiconductor 
substrate 1 , patterning is carried out with exposure technique and etching technique, and the 
gate electrode 3 is formed. 

Then, dry etching carried out conformably to the 1st gate insulator layer 13, the silicon nitride film 
18 and the 3rd gate insulating film 15, of the surface of the p type semiconductor substrate 1 of 
the field, in which the source region, and drain region are formed using the gate electrode 3 as a 
mask, here, charge accumulation layers 4f is formed, 

[0131] Next, as shown in Fig. 88, after forming an oxide film 16 all over p type semiconductor 
substrate 1 , n- type diffusion layer 10 of low impurity concentration is formed. 
Pouring n-type impurity with the gate electrode 3 as the mask with ion-implantation technique, 
then by activating the poured impurity with heat treatment, forms the n-type diffusion layer 1 0. 

[0132] Next, as shown in Fig. 89, after forming the sidewall spacer 9 in the sidewall of the gate 
electrode 3, n+ type diffusion layer 1 1 of high impurity concentration is formed. 
The n+ type diffusion layer 1 1 is formed by pouring n type impurity using the gate electrode 3 and 
the sidewall spacer 9 as the mask with ion-implantation technique and by activating the poured 
impurity by heat treatment. 

[0133] Next, the high-melting point metal film, such as tungsten, titanium, and cobalt, are 
deposited by CVD or the spatter all over the p type semiconductor substrate 1, then the p type 
semiconductor substrate 1 is heat-treated in an inert atmosphere, thereby forming the which 
consists of a refractory-metal silicide on the each surface of the gate electrode 3 and n+ type 
diffusion layer 11. 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 83 will be 
completed. 

[0134] In addition, although illustration is not shown, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 83 , and a final nonvolatile memory cell is 
completed. 

[0135] (10th Embodiment Form) Next, the 10th embodiment of this invention is explained. Fig. 90 
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is a cross section showing the memory cell structure of the nonvolatile semiconductor memory 
concerning the 1 0th embodiment of this invention. 

In the above 8th and 9th embodiments, a level difference is prepared in the ends of a channel 
field by making a channel field into the concave status to a semiconductor substrate. In the 
10th embodiment, a level difference is prepared in a channel field by making a channel field into 
the convex status to a semiconductor substrate. 

And this 10th embodiment also aims at enhancement in the electron- injection luminous efficacy 
at the time of writing by preparing a level difference and an inclination in the channel field of a 
memory cell. l 



[0136] As shown in Fig. 90 , this memory cell consists of a p type MOS transistor. And in the 
structure of the memory cell concerning the 10th embodirnent, the 2nd gate insulator layer 14 is 
formed in the surtece of the n-type-semiconductor substrate 19 through the 1st gate insulator 
layer 13. 

The charge accumulation layers 4a and 4b are formed in the ends of the 2nd gate insulator layer 
14. 

The gate electrode 3 is formed on the 2nd gate insulator layer 14 and charge accumulation layer 
4a, and 4b through the 3rd gate insulator layer 15. 

The sidewall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 16. 
The p- type diffusion layer 20 of the low impurity concentration which touches a channel field, 
and p+ type diffusion layer 21 of the high impurity concentration located in the outside of this p- 
type diffusion layer 20 are formed in the n-type-semiconductor substrate 19 of the lower part of 
this sidewall spacer 9. 

The electric conduction layer 12 is formed in each surface of the gate electrode 3 and p+ type 
diffusion layer 21. 

[0137] Furthermore, in the memory cell structure of the nonvolatile semiconductor memory 
concerning the 10th embodiment of this invention, a level difference 26 is formed in the channel 
field 25. 

Owing to this level difference 26, the charge accumulation layer 4 is located in the dispersion 
orientation of the electron in the p type semiconductor substrate 1. Therefore, the injection 
efficiency of the electron at the time of writing improves. 

[0138] The memory cell of the nonvolatile semiconductor memory concerning the 10th 
embodiment of this invention has LDD structure in which the source field and the drain field are 
constituted of a p- type diffusion layer 20 of low impurity concentration and a p+ type diffusion 
layer 21 of high impurity concentration. 

And a gate insulator layer consists of a three-layered film, i.e. the 1st gate insulator layer 13 
(lower layer), the 2nd gate insulator layer 14 (interlayer) and the 3rd gate insulator layer 15 
(upper layer). The charge accumulation layers 4a and 4b are formed in the both ends of the 
2nd gate insulator layer 14. 

An electron is accumulated to these two charge accumulation layers 4a and 4b. 
The state of accumulation can be four status: 

(1) no electron is accumulated to charge accumulation layer 4a or 4b; 

(2) the electron is accumulated to charge accumulation layer 4a only; 

(3) the electron is accumulated to charge accumulation layer 4b only; 

(4) the electron is accumulated to charge both accumulation layers 4a and 4b. 

The amount of change of the threshold voltage which is produced by the existence of the 
electron held at these two charge accumulation layers 4a and 4b corresponds to the storage 
information W, "01", "10", and "11". 

Moreover, in this memory cell structure, since the charge accumulation layers 4a and 4b are 
located in the upper part of a channel field edge, the threshold voltage of the center of a channel 
field is decided only by impurity concentration of a channel field, and it does not depend on the 
accumulation status of the electron of the charge accumulation layers 4a and 4b. 
Therefore, the fault deletion (over-erase) due to the excess and deficiency of the electron of the 
charge accumulation layers 4a and 4b is prevented, and the poor leakage, a poor program, and 
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poor read-out, which are caused in a fault deletion, never produced. 

Moreover, only the gate voltage, thereby realizing highly reliable nonvolatile semiconductor 
memory, can suppress the leakage current between a source field and a drain field. 
The charge accumulation layers 4a and 4b can be constituted of silicon nitride of the charge 
store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the membranous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted of a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

If the 1st gate insulator layer 1 3 and the 3rd gate insulator layer 15 are furthermore constituted of 
a silicon nitride (Si3N4 layer) which has an about 2 times of a silicon oxide (Si02 layer) in 
dielectric constant, the very thin gate insulator layer which is 4nm - about llnm in silicon-oxide 
conversion thickness can be stabilized. 

For example, since the real thickness of the silicon nitride whose silicon-oxide conversion 
thickness is 5nm is about 10nm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injectiorVextraction operation is lowered in 
battery, and not only a memory cell but also a circumference high-voltage operation element can 
be miniaturized. 

[0139] Although p- type diffusion layer 20 is established for the purpose of the pressure-proof 
enhancement in a source field and a drain field and LDD structure is constituted from a memory 
cell of the nonvolatile semiconductor memory concerning the 10th embodiment of this invention, 
a source field and a drain field may consist of single drain structure and double drain structure. 
Although the 2nd gate insulator layer 14 prevents the leakage between charge accumulation 
layers 4a and 4b, it can consist of a silicon oxide, for example. 

If the metal oxide film, which has a high dielectric constant, is used for the second gate insulator 
layer 14, the current transfer characteristics of the center of a channel field can be improved. 
As a metal oxide film, there are Ti02, Ta205, aluminum205, and PZT and SBT. 

[0140] In the 1 0th embodiment of this invention, the level difference 26 was formed in both by the 
side of the source and a drain, you may prepare only in either. 

Especially the memory that memorizes the information for 1 bit is enough if there is only one 
side. 

[0141] Next, an operation of the non-volatile memory concerning the 10th embodiment of this 
invention is explained using the Fig. 91 and the Fig. 92 . 

Fig. 91 is a cross section of the non-volatile memory explaining a write-in operation. 

Fig. 92 is a cross section of the non-volatile memory explaining a deletion operation. 

As shown in Fig. 91 , at the time of the writing of a memory cell, voltage of about 5V is impressed 

to gate G, and voltage of about -5V is impressed to drain D, respectively, and let source S be 

floating potential. 

Thus, a voltage is impressed, energy is given the electron of the tunnel phenomenon reason 
between band-bands by the electric field near the drain, and it pours into charge accumulation 
layer 4b by the side of a drain field. 

By having formed the level difference 26 in the channel field 25, charge accumulation layer 4b is 
located in the electronic injection orientation. For this reason, the electronic injection efficiency to 
charge accumulation layer 4b can improve, and improvement in the speed of an injection speed 
and reduction of applied voltage can be attained. 

When pouring an electron into charge accumulation layer 4a by the side of a source, the voltage 
impressed to drain D and each source S is replaced with the above-mentioned case. 
A memory cell is deleted by impressing a negative voltage (at least -5V) to gate G, as shown in 
Fig 92. and by drawing out an electron from the charge accumulation layers 4a and 4b using a 
Fowler Nordheimt (FN) type tunnel current. 

Moreover, when two or more memory cells share the gate electrode 3, an electron can be 
simultaneously drawn out from those memory cells. 
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In this case, source S and drain D should just be taken as the n-type-semiconductor substrate 19 
and this potential. 

Moreover, if the right voltage different from the potential of the p type semiconductor substrate 1 
is impressed to drain D and source S is used for floating potential (Floating), electron can be 
drawn out of charge accumulation layer 4a by the side of drain D. 

If an electron is drawn out of only from charge accumulation layer 4b by the side of source S, a 
right voltage is impressed to source S and just to let drain D be floating potential. 

[0142] Moreover, although illustration is not shown, read-out of a memory cell is performed by 
detecting the read-out current flowing between source sland drain D. 

It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) change according to the store status of the charge accumulation layers 4a and 4b. 
To which a bias shall be carried out should be selected from the source S or drain D where the 
modulation of current transfer characteristics appears notably. 

According to four accumulation status of the charge accumulation layers 4a and 4b, four different 
current transfer characteristics are obtained and, thereby, the information for 2 bits can be 
memorized in one cell. 

[0143] Next, the method of manufacturing the memory cell of the non-volatile memory 
concerning the 10th embodiment of this invention is explained using the Fig. 93 to Fig. 101 . 
As first shown in Fig. 93 , the photo-resist pattern 27 is formed on the n-type-semiconductor 
substrate 19 except the field in which the channel field 25 is formed. 

As shown in Fig. 94, etching the n-type-semiconductor substrate 19 by the RIE method forms a 
level difference 26. 

[0144] Next, as shown in Fig. 95, the silicon nitride of small charge store capacity is deposited all 
over n-type-semiconductor substrate 19, and the 1st gate insulator layer 13 having about lOnm 
is formed. 

Deposition of the silicon nitride film of small charge store capacity is performed for example, by 
the JVD method 

A silicon oxide is deposited by CVD after 1st gate insulator layer 13 formation, and the 2nd gate 
insulator layer 14 having about 5-1 Ohm is formed. 

Then, the silicon nitride of small charge store capacity is deposited by the JVD method, and the 
3rd gate insulator layer 1 5 having about 1 0nm is formed. 

[0145] Next, as shown in Fig. 96 , after depositing polycrystal silicon layer having the about 
50-250nm in which n type or p type impurity is doped all over n-type-semiconductor substrate 19 
by the LPCVD method, patterning is carried out with exposure technique and etching technique, 
and the gate electrode 3 is formed. 

Then dry etching is carried out conformably to the 1st gate insulator layer 13, the 2nd gate 
insulator layer 14 and the 3 rd gate insulator layer 15 of the surface of the n-type-semiconductor 
substrate 19 of the field which uses the gate electrode 3 as a mask and forms a source field and 
a drain field. 

[0146] Next, as shown in Fig. 97 , the space 17 for charge accumulation layer formation is 
formed. 

This space 17 is formed by reaching 1st gate oxide-film 13 and carrying out wet etching of the 
edge of the 2nd gate insulator layer 14 alternatively rather than the 3rd gate insulator layer 15 
using the etching reagent with the large etch rate of the 2nd gate insulator layer 14. In the 10th 
embodiment of this invention, the 1st gate oxide-film 13, the 3rd gate insulator layer 15 is 
constituted from a silicon nitride and the 2nd gate insulator layer 14 is constituted from a silicon 
oxide, and a fluoric acid system, for example, can be used as an etching reagent. 
Moreover, you may form the space 1 7 for charge accumulation layer formation by the plasma dry 
etching method using the gas containing HF gas instead of using the wet etching method which 
used the etching reagent. 
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[0147] Next, as shown in . Fig. 98 , the silicon nitride 18 of high charge store capacity is 
accumulated all over n-type-semiconductor substrate 19 so that the space 17 for charge 
accumulation layer formation can be completely embedded by the LPCVD method. 
And as shown in Fig. 99, anisotropic etching by RIE is performed to the whole surface of the 
n-type-semiconductor substrate 19, and the charge accumulation layers 4a and 4b which 
consisted of a silicon nitride of high charge store capacity are formed. 

[0148] Next, as shown in Fig. 100, after forming an oxide film 16 all over n-type-semiconductor 
substrate 19, p- type diffusion layer 20 of low impurity concentration is formed, p- type diffusion 
layer 20 is formed by pouring p type impurity using the gate electrode 3 as the mask with 
ion-implantation technique and by activating the poured impurity with heat treatment. 

[0149] Next, as shown in Fig. 101, after forming the sidewall spacer 9 in the sidewall of the gate . 
electrode 3, p+ type diffusion layer 21 of high impurity concentration is formed. 
The p+ type diffusion layer 21 is formed by pouring p type impurity using the gate electrode 3 and 
the sidewall spacer 9 as the mask with ion-implantation technique, and by activating the poured 
impurity with heat treatment. 

[0150] Next, a high melting point metal film such as a tungsten, titanium and cobalt, is 
accumulated in the whole surface of the n type semiconductor circuit board 19, by the CVD or 
the spatter, then the electric conduction layer 12 composed of high melting point metal silicide Is 
formed in each surface of the gate electrode 3 and the p+ type diffusion layer 21 by a n type 
semiconductor circuit board 19 being subjected to heat treatment in the inert atmosphere. If the 
high melting point metals of the un-response left in the territory except for the above is removed 
after the electric conduction layer 12 formation, the memory cell structure shown in the Fig. 90 
can be completed. 

[0151] In addition, although illustration is not shown, usual CMOS manufacturing processes, 
such as a layer insulation layer formation process, a contact hole formation process, a wiring 
formation process, and a passivation layer formation process, one by one after memory cell 
structure completion of Fig. 90, and a final nonvolatile memory cell is completed. 

[0152] Thus, in the 10th embodiment of this invention, the charge accumulation layers 4a and 4b 
can be formed in a self-matching target down the ends of the gate electrode 3. 
Therefore, miniaturization of the orientation of gate length of a cell transistor is attained. 
Thereby, large capacity and high-density nonvolatile semiconductor memory can be offered. 
Moreover, the cell area per bit is mostly reduced by half compared with the former, and 
nonvolatile semiconductor memory reduced sharply can be realized. 

[0153] Moreover, the width of the charge accumulation layers 4a and 4b in the orientation of 
channel length can be easily controlled by adjustment of the etch-speed difference and etching 
time of the 1st gate insulator layer 13, the 3rd gate insulator layer 15 and the 2nd gate insulator 
layer 14. 

Thereby, the charge accumulation layers 4a and 4b can be arranged symmetrically. 
And since the charge accumulation layers 4a and 4b are electrically separated completely by the 
2nd gate insulator layer 14, the interaction between charge accumulation layer 14a and 14b do 
not happen. 

Furthermore, since the charge accumulation layers 4a and 4b are insulated completely from a 
source field, a drain field, the gate electrode 3, and a channel field by the 1st insulator layer 13 
and the 3rd insulator layer 1 5, and the oxide film 1 6, the nonvolatile semiconductor memory 
which was excellent in the charge hold property can be provided. 

The charge accumulation layers 4a and 4b are formed in the orientation of a channel field from 
the edge of the gate electrode 3 and the current transfer-characteristics of the memory cell is 
almost decided by the charge store status of the side portion of the channel field of the charge 
accumulation layers 4a and 4b. 

Therefore, if the length of the orientation of gate length of this portion is reduced to a limitation, 
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more detailed nonvolatile semiconductor memory can be provided. 

[0154] Furthermore, since the cell structure is easily realizable at usual CMOS process, the 
nonvolatile semiconductor memory can be manufactured by the low cost using the existing 
production line. 

[0155] And with the 10th embodiment of this invention, the electron-injection luminous efficacy at 
the time of writing can be raised. 

For this reason, improvement in the speed and reduction of the applied voltage at the time of 
writing can be attained. • 

[0156](11th Embodiment Form) Next, the 11th embodiment form of this invention is explained. 
In the 10th embodiment form of the above, the 11th embodiment of this invention makes 
unnecessary the 2nd insulator layer 14 arranged between charge accumulation layer 4a of Fig. 
90, and charge accumulation layer 4b, and has taken the configuration which made two charge 
accumulation layers 4a and 4b unify. 

Fig. 102 is a cross section showing the memory cell structure of the nonvolatile semiconductor 
memory conceming the 1 1th embodiment of this invention. 

As shown in Fig. 102 , this memory cell structure is changed to the charge accumulation layers 
4a and 4b of the 10th embodiment form of the above, and the 2nd insulator layer 14, and 
arranges charge accumulation layers 4f. 

[0157] Next, the manufacture technique of the memory cell of the non-volatile memory 
concerning the 1 1th embodiment of this invention is explained using the Fig. 103 to the Fig. 108 . 
Like the 10th embodiment of the above, as first shown in Fig. 103 , the photo resist pattern 27 is 
formed except the field in which the channel field 25 is formed on the n-type-semiconductor 
substrate 19. 

And as shown in Fig. 104, a level difference 26 is formed by etching the n-type-semiconductor 
substrate 19 by the RIE method. 

[0158] Next, as shown in Fig. 105 , the small silicon nitride of charge store capacity is deposited 
all over n-type-semiconductor substrate 19, and the about lOnm 1st gate insulator layer 13 is 
formed. 

Deposition of the small silicon nitride of charge store capacity is performed for example, by the 
JVD method. 

About 5-1 Onm of the high silicon nitrides 18 of charge store capacity is formed by the LPCVD 
method after 1st gate insulator layer 13 formation. Then, the small silicon nitride of charge store 
capacity is deposited by the JVD method, and the about lOnm 3rd gate insulator layer 15 is 
formed. 

[0159] Next, as shown in Fig. 106 , after depositing the polycrystal silicon layer having about 50 - 
250nm in which n type or p type impurity is doped by the LPCVD method all over 
n-type-semiconductor substrate 19, patteming is carried out with exposure technique and 
etching technique, and the gate electrode 3 is formed. 

Then dry etching is carried out conformably to the 1st gate insulator layer 13, the silicon nitride 
18, and the 3rd gate insulator layer 15, of the surface of the n-type-semiconductor substrate 19 
of the field which uses the gate electrode 3 as a mask and forms a source field and a drain field. 
Here, charge accumulation layer 4f Is formed. 

[0160] Next, as shown in Fig. 107, after forming an oxide film 16 all over n-type-semiconductor 

substrate 19, p- type diffusion layer 20 of low impurity concentration is formed. 

The p- type diffusion layer 20 is formed by pouring p type impurity using the gate electrode 3 as 

the mask with ion-implantation technique, and by activating the poured impurity with heat 

treatment. 

[0161] Next, as shown in Fig. 1 08, after forming the sidewall spacer 9 in the side attachment wall 
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of the gate electrode 3, of high impurity concentration is formed. 

The p+ type diffusion layer 21 is formed by pouring p type impurity using the gate electrode 3 and 
the sidewall spacer 9 as the mask with ion-implantation technique, and by activating the poured 
impurity with heat treatment. 

[0162] Next, high-melting point metal membranes, such as a tungsten, titanium, and cobalt, are 
deposited by CVD or the spatter all over the n-type-semiconductor substrate 19, then the 
n-type-semiconductor substrate 19 is heat-treated in an inert atmosphere, thereby forming the 
electric conduction layer 12 which consists of a refractory-metal siliside on each surface of the 
gate electrode 3 and p+ type diffusion layer 21 . 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 1 02 will be 
completed. 

[0163] In addition, although illustration Is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 102 , and a final nonvolatile memory cell is 
completed. 

[0164] (12th Embodiment Form) Next, the 12th embodiment form of this invention is explained. 
Fig. 109 is a cross section showing the structure of the memory cell of the nonvolatile 
semiconductor memory concerning the 12th embodiment form of this invention. 
Although exposure technique and etching technique were used for patterning of the gate 
electrode 3 with the 10th embodiment of the above, it is the example which uses the chemical 
mechanical grinding method for patterning of the gate electrode 3 in the 12th embodiment. 

[0165] Next, the manufacture technique of the memory cell of the non-volatile memory 
concerning the 12th embodiment form of this invention is explained using the Fig. 1 10 to the Fig. 
1 1 8 . As first shown in Fig. 1 1 0 , the photoresist pattern 27 is formed except the field In which the 
channel field 25 is formed on the n-type-semiconductor substrate 19. 

And as shown in Fig. 1 1 1 , a level difference 26 is formed by etching the n-type-semiconductor 
substrate 19 by the RIE method. 

[0166] Next, as shown in Fig. 1 12 , the small silicon nitride of charge store capacity is deposited 
all over n-type-semiconductor substrate 19, and the about lOnm 1st gate insulator layer 13 is 
formed. 

Deposition of the small silicon nitride of charge store capacity is performed for example, by the 
JVD method. 

A silicon oxide is deposited by CVD after 1st gate insulator layer 13 formation, and the about 
5-1 Onm 2nd gate insulator layer 14 is formed. 

Then, the small silicon nitride of charge store capacity is deposited by the JVD method, and the 
about 1 0nm 3rd gate insulator layer 1 5 is formed. 

Furthermore, the about 50-500nm polycrystal silicon layer 28 which doped n type or p type 
impurity by the LPCVD method all over n-type-semlconductor substrate 19 Is deposited. 

[0167] Next, as shown in Fig. 1 13 , the gate electrode 3 is formed by embedding the polycrystal 
silicon layer 19 by the chemical mechanical polishing technique. In addition, wet etching usually 
removes the 1st gate insulator layer 13, the 2nd gate insulator layer 14, and the 3rd gate 
insulator layer 15 which remain on the n-type-semiconductor substrate 19. 

[0168] Next, as shown in Fig. 114 , the space 17 for charge accumulation layer formation is 
formed. 

This space 17 is formed by reaching 1st gate oxide-film 13 and carrying out wet etching of the 
edge of the 2nd gate insulator layer 14 alternatively rather than the 3rd gate insulator layer 15 
using the etching reagent with the large etch rate of the 2nd gate insulator layer 14. 
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What is necessary is just to use for example, a fluoric acid system as an etching reagent with the 
12th embodiment form of this invention, since it reaches 1st gate oxide-film 13, the 3rd gate 
insulator layer 15 is constituted from a silicon nitride and the 2nd gate insulator layer 14 is 
constituted from a silicon oxide. 

Moreover, you may form the space 1 7 for charge accumulation layer formation by the plasma dry 
etching method using the gas which changes to the wet etching method which used the etching 
reagent, and contains HF gas. 

[01 69] Next, as shown in Fig. 1 1 5 , it deposits so that thej space 1 7 for charge accumulation layer 
formation may be completely embedded in the high silicon nitride 18 of charge store capacity by 
the LPCVD method all over n-type-semiconductor substrate 19. 

And as shown in Fig. 116, anisotropic etching by RIE is performed to the n-type-semiconductor 
substrate 19 whole surface, and the charge accumulation layers 4a and 4b which consisted of a 
high silicon nitride of charge store capacity are formed. 

[0170] Next, as shown in Fig. 117, after forming an oxide film 16 all over n- type semiconductor 
substrate 19, p- type diffusion layer 20 of low impurity concentration is formed. It forms by 
activating the impurity which p- type diffusion layer 20 used the gate electrode 3 as the mask with 
ion-implantation technique, poured in p type impurity, and was poured in with subsequent heat 
treatment. 

[0171] Next, as shown in Fig. 118, after forming the sidewall spacer 9 in the side attachment wall 
of the gate electrode 3, p+ type diffusion layer 21 of high impurity concentration is formed. 
The p+ type diffusion layer 21 is formed by pouring p type impurity using used the gate electrode 
3 and the sidewall spacer 9 as the mask with ion-implantation technique, and by activating the 
poured impurity with heat treatment. 

[0172] Next, the thing for which high-melting point metal membranes, such as a tungsten, 
titanium, and cobalt, are deposited by CVD or the spatter all over the n-type-semiconductor 
substrate 19, then the n-type-semiconductor substrate 19 is heat-treated in an inert atmosphere. 
Thereafter the electric conduction layer 12 which consists of a refractory-metal silicide is formed 
on each surface of the gate electrode 3 and p+ type diffusion layer 21 . 

After electric conduction layer 12 formation, if the unreacted refractory metal which remained in 
fields other than the above is removed, the memory cell structure shown in Fig. 109 will be 
completed. 

[0173] In addition, although illustration is not carried out, it passes through usual CMOS 
manufacturing processes, such as a layer insulation layer formation process, a contact hole 
formation process, a wiring formation process, and a passivation layer formation process, one by 
one after memory cell structure completion of Fig. 1 09 , and a final nonvolatile memory cell is 
completed. 

[0174] (13th Embodiment Form) Next, the 13th embodiment form of this invention is explained. 
With the embodiment of the above-mentioned 1st to the 12th above-mentioned embodiment, 
sufficient study to improvement in the speed of transistors other than a memory cell was not 
made. 

On the other hand, as structure of a high-speed CMOS transistor, by forming the notch on 
concave between a gate electrode and a source drain diffusion layer, the capacity between a 
gate electrode and a diffusion layer is reduced, and the attempt, which accelerates the logic gate, 
is made (T.Ghani et al., IEDM99, and p415). 

In this 13th embodiment form, this structure is used for nonvolatile semiconductor memory, and 
enables large improvement in the speed of the semiconductor device that contains the usual 
transistor which does not have a memory and usual nonvolatile semiconductor memory. 

[0175] Fig. 119 is a cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 13th embodiment form of this invention. 
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This memory cell consists of an n type MOS transistor. With the memory cell structure of the 
nonvolatile semiconductor memory concerning the 13th embodiment form of this invention, the 
gate electrode 3 is formed in the surface of the p type semiconductor substrate 1 through the 1st 
gate insulator layer 13. 

A concavity is prepared in the ends of the gate electrode 3, and the charge accumulation layer 4 
(4a, 4b) is formed in each concavity. 

The oxide film 30 is formed between the charge accumulation layer 4 and the gate electrode 3. 
The sidewall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 16, 
and n- type diffusion layer 10 of the low impurity concentration which touches a channel field, 
and n+ type diffusion layer 11 of the high impurity concentration located in the outside of this n- 
type diffusion layer 10 are formed in the principal plane of the p type semiconductor substrate 1 
of the lower part of this sidewall spacer 9. 

The electric conduction layer 12 is formed in each surface of the gate electrode 3 and n+ type 
diffusion layer 11- 

[0176] The memory cell of the non-volatile memory concerning the 13th embodiment form of this 
invention has LDD structure which constituted the source field and the drain field from an n- type 
diffusion layer 10 of low impurity concentration, and an n+ type diffusion layer 1 1 of high impurity 
concentration. And the charge accumulation layer 4 (4a, 4b) is formed in the both ends of the 
gate electrode 3. An electron is accumulated to these two charge accumulation layers 4a and 4b. 
The store status are four possibility 

(1) Neither charge accumulation layer 4a nor 4b is accumulating the electron, 

(2) only charge accumulation layer 4a is accumulating the electron, the status that only 

(3) only charge accumulation layer 4b is accumulating the electron 

(4) Both charge accumulation layers 4a and 4b are accumulating the electron. 

The amount of the change of threshold potential produced by the existence of the electron held 
at these two charge accumulation layers 4a and 4b is made to correspond to a storage 
information W, "01", "10", and "11." 

Moreover, with this memory cell structure, since the charge accumulation layer 4 is located in the 
upper part of a channel field edge, the threshold voltage of a channel field center section is 
decided only by impurity concentration of a channel field, and it does not depend for It on the 
store status of the electron of the charge accumulation layer 4. 

Therefore, the fault deletion (over-erase) by the excess and deficiency of the electron of the 
charge accumulation layer 4 is prevented, and the poor leakage which originates in a fault 
deletion by that cause, a poor program, and poor read-out must have been produced. 
Moreover, the leakage current between a source field and a drain field can be suppressed only 
by the gate voltage, and can realize highly reliable non-volatile memory. 

What is necessary is for the charge accumulation layer 4 just to consist of a high silicon nitride of 
the charge store capacity by CVD. 

It is because the charge hold property of being hard to receive influence In the membranous 
quality of a lower insulator layer can be acquired by accumulating an electron to the dispersed 
charge trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

If the 1st gate insulator layer 13 is furthermore constituted from a silicon nitride (Si3N4 layer) 
which has the dielectric constant of an about 2 times of a silicon oxide (Si02 layer), a 
silicon-oxide conversion thickness can stabilized and the very thin gate insulator layer which is 
from about 4nm to llnm can be realized. 

For example, since the real thickness in 5nm of the silicon nitride whose silicon-oxide conversion 
thickness is about lOnm, the induction of the direct tunnel (DT) injection is not carried out. 
Therefore, the voltage at the time of an electronic injection extraction operation is reduced in 
low-battery, and not only miniaturization of a memory cell but miniaturization of a circumference 
high-voltage operation element of it is attained. 

[0177] Although n- type diffusion layer 10 is established for the purpose of the pressure-proof 
enhancement in a source field and a drain field and LDD structure is constituted from a memory 
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cell of the non-volatile memory concerning the 13th embodiment form of this invention, a source 
field and a drain field may consist of single drain structure and double drain structure. 

[0178] Next, an operation of the non-volatile memory concerning the 13th embodiment form of 
this invention is explained using the Fig. 120 and the Fig. 121 . Fig. 120 is a cross section of the 
non-volatile memory explaining a write-in operation. Fig. 121 is a cross section of the non-volatile 
memory explaining a deletion operation. 

The memory cell of the Fig. 120 and the Fig. 121 consists of an n type MOS transistor. 
As shown in Fig. 120 , at the time of the writing of ai memory cell, voltage of about B-SV is 
impressed to gate G, voltage of about 4-5V is impressedlto drain D, respectively, and source S is 
grounded. ' 

Thus, a voltage is impressed and an electron is poured into charge accumulation layer 4b by the 
side of a drain field by the channel thermo electron (CHE). What is necessary is just to replace 
with the above the voltage impressed to drain D and each source S, in pouring an electron into 
charge accumulation layer 4b by the side of a source field. 

On the other hand, as shown in Fig. 121 , a deletion of a memory cell impresses a negative 
voltage (at least -5V) to gate G, and is performed by Fig. out an electron from the charge 
accumulation layers 4a and 4b using a Fowler Nordheimt (FN) type tunpel current. 
Moreover, when two or more memory cells share gate G, an electron can be simultaneously 
drawn out from those memory cells. In this case, source S and drain D should just be taken as 
the p type semiconductor substrate 1 and this potential. 

Moreover, it is also possible to impress the right voltage different from the potential of the p type 
semiconductor substrate 1 to a drain electrode, and to draw out an electron for a source 
electrode only from floating potential (Floating), then charge accumulation layer 4b by the side of 
a drain electrode. 

What is necessary is to impress a right voltage to a source electrode, in drawing out an electron 
only from charge accumulation layer 4a by the side of a source electrode, and just to let a drain 
electrode be floating potential. 

[0179] Moreover, although illustration is not carried out, read-out of a memory cell is performed 

by detecting the read-out current flowing between source S and drain D. 

It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different current 
transfer characteristics are obtained and, thereby, the information for 2 bits can be memorized in 
one cell. 

[0180] Next, the operation of the non-volatile memory concerning the 13th embodiment form of 
this invention which consists of a p type MOS transistor is explained using the Fig. 122 and the 
Fig. 123. 

Fig. 122 is a cross section of the non-volatile memory explaining a write-in operation. 
Fig. 123 is a cross section of the non-volatile memory explaining a deletion operation. 
The memory cell of the Fig. 122 and the Fig. 123 consists of a p type MOS transistor. 
As shown in Fig. 122, at the tirne of the writing of a memory cell, about 5V is impressed to gate G, 
and about -5V is impressed to drain D, respectively, and let source S be floating potential. 
Thus, a voltage is impressed, energy is given the electron of the tunnel phenomenon reason 
between band-bands by the electric field near the drain field, and an electron is poured into 
charge accumulation layer 4b by the side of a drain field. 

What is necessary is just to replace with the above the voltage impressed to drain D and each 
source S, in pouring an electron into charge accumulation layer 4a by the side of a source field. 
On the other hand, as shown in Fig. 1 23 , a deletion of a memory cell is carried out by impressing 
a negative voltage (at least -SV) to gate G and drawing an electron from the charge accumulation 
layers 4a and 4b using FN current. 
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Moreover, when two or more memory cells share gate G, an electron can be simultaneously 
drawn out from those memory cells. In this case, source S and drain D are taken as the 
n-type-semiconductor substrate 19, this potential, or floating potential. 

[0181] Moreover, although illustration is not carried out, read-out of a memory cell is performed 
by detecting the read-out current flowing between source S and drain D. 

It uses that the current transfer characteristics a source field and near the drain field (channel 
conductance) become irregular according to the store status of the charge accumulation layers 
4a and 4b. 

To which a bias shall be carried out between source S and drain D should just choose the 
direction where the modulation of current transfer characteristics appears notably. 
According to four store status of the charge accumulation layers 4a and 4b, four different current 
transfer characteristics are obtained and, thereby, the information for 2 bits can be memorized in 
one cell. 

[0182] In the 13th embodiment form of this invention, the usual MOS transistor as shown in Fig. 
124, which does not have a memory, is also realizable. 

Because, in this MOS transistor, the charge accumulation layer 4 is arranged only on the source 
drain field 10 and 1 1 , and is not arranged on the channel field. 

For this reason, the conduction property of this MOS transistor is because influence is not 
received in the hold status of the charge of the charge accumulation layer 4 at all. 
Furthermore, by presence of the concavity of the gate electrode 3, the parasitic capacitance 
between gate-source drains is reduced and it also has the advantageous point that the fast turn 
around of an MOS transistor becomes possible. 

[0183] (14th Embodiment Form) Next, the 14th embodiment form of this invention is explained. 

The 14th embodiment form serves as the configuration of having made the charge accumulation 

layer 4 and the sidewall spacer 9 unifying, in the 13th embodiment form of the above. 

Fig. 125 is a cross section showing the memory cell structure of the nonvolatile semiconductor 

memory concerning the 1 4th embodiment form of this invention. 

This memory cell consists of an n type MOS transistor. 

With the memory cell structure of the nonvolatile semiconductor memory conceming the 14th 
embodiment form of this invention, the gate electrode 3 is formed in the surface of the p type 
semiconductor substrate 1 through the 1st gate insulator layer 13. 

A concavity is prepared in the ends of the gate electrode 3, and the charge accumulation layer 4 
(4a, 4b) is formed in each concavity. 

The oxide film 30 is formed between the charge accumulation layer 4 and the gate electrode 3. 
The sidewall spacer 9 is formed in the side face of the gate electrode 3 through an oxide film 16, 
and a part of this sidewall spacer 9 constitutes the charge accumulation layer 4. n- type diffusion 
layer 1 0 of the low impurity concentration which touches a channel field, and n+ type diffusion 
layer 1 1 of the high impurity concentration located in the outside of this n- type diffusion layer 1 0 
are formed in the principal plane of the p type semiconductor substrate 1 of the lower part of the 
sidewall spacer 9. 

The electric conduction layer 12 is formed in each surface of gate electrode 3 and n+ type 
diffusion layer 11. 

[0184] What is necessary is for the 14th embodiment form of this invention just to constitute the 
sidewall spacer 9 and the charge accumulation layer 4 from the high silicon nitride of the charge 
store capacity by CVD. 

It is because the charge hold property of being hard to receive influence in the film quality of a 
lower insulator layer can be acquired by accumulating an electron to the dispersed charge 
trapping level of a silicon nitride. 

Moreover, if constituted from a silicon layer and a polycrystal silicon layer, it can manufacture 
cheaply. 

[0185] In the 14th embodiment form of this invention, a usual MOS transistor as shown In Fig, 
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126 is realizable as well as the 1 3th embodiment of the above 
[0186] 

[Effect of the Invention] According to this invention, the structure of the nonvolatile semiconductor 
memory, which can memorize the information for two or more bits by the easy cellular structure, 
is realizable. 

[0187] According to this invention, the manufacture technique of the nonvolatile semiconductor 
memory which manufactures the nonvolatile semiconductor memory, which memorizes the 
information for two or more bits in an easy manufacture process, is realizable. 

[0188] According to this invention, the structure of a semiconductor memory containing 
non-volatile memory capable of electrically writing/deleting and volatile memory capable of 
high-speed writing in and reading out, is realizable with a simple cell structure. 

[0189] According to this invention, the manufacture technique of a semiconductor memory 
containing non-volatile memory capable of electrically writing/deleting and volatile memory 
capable of high-speed writing in/reading out, is realizable with simple manufacture process. 

[Brief Description of the Drawings] 

[Fig. 1] It is the cross section showing the memory cell structure of the nonvolatile semiconductor 
memory concerning the 1st embodiment form of this invention. 

[Fig. 2] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 1 st embodiment form of this invention. 

[Fig. 3] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 1 st embodiment form of this invention. 

[Fig. 4] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 1st embodiment form of this invention. 

[Fig. 5] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 6] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 7] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 8] It is the cross section showing the manufacturing process of the memory ceil of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 9] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1st embodiment form of this invention. 

[Fig. 10] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 11] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 2nd embodiment form of this invention. 

[Fig. 12] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 2nd embodiment form of this invention. 
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[Fig. 13] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 14] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 15] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 16] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 17] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention, 

[Fig. 18] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 19] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 2nd embodiment form of this invention. 

[Fig. 20] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 4th embodiment form of this invention. 

[Fig. 21] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 4th embodiment form of this invention. 

[Fig. 22] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 4th embodiment iform of this invention. 

[Fig. 23] It is the cross section showing the structure of the MOS transistor which constitutes the 
circumference circuit of the non-volatile memory concerning the 5th embodiment form of this 
invention. 

[Fig. 24] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23 . 

[Fig. 25] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23 . 

[Fig. 26] It is the cross section showing the manufacturing process of the MOS trauisistor of Fig. 
23. 

[Fig. 27] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23. 

[Fig. 28] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23. 

[Fig. 29] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23 . 

[Fig. 30] It is the cross section showing the manufacturing process of the MOS transistor of Fig. 
23 . 

[Fig. 31] It is the cross section showing the memory cell structure of the nonvolatile 

46 



semiconductor memory carried in the semiconductor memory concerning tlie 6th embodiment 
form of this invention. 

[Fig. 32] It is the cross section showing the memory cell structure of the volatile semiconductor 
memory carried in the semiconductor memory concerning the 6th embodiment form of this 
invention. 

[Fig. 33] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 6th embodiment form of this invention. | 

[Fig. 34] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 6th embodiment iform of this invention. 

[Fig. 35] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 36] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

(Fig. 37] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 38] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 39] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 40] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 41] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 42] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 43] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 44] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 45] It Is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory conceming the 6th embodiment form of this invention. 

[Fig. 46] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory conceming the 6th embodiment form of this invention. 

[Fig. 47] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory conceming the 6th embodiment form of this invention. 

[Fig. 48] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory conceming the 6th embodiment form of this invention. 

[Fig. 49] It is the cross section showing the manufacturing process of the memory cell of the 
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volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 50] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 51] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 52] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 6th embodiment form of this invention. 

[Fig. 53] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory carried in the semiconductor memory concerning the 7th embodiment 
form of this invention. 

[Fig. 54] It is the cross section showing the memory cell structure of the volatile semiconductor 
memory carried in the semiconductor memory concerning the 7th embodiment form of this 
invention. 

[Fig. 55] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 56] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 57] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 58] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 59] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 60] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 61] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 62] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 63] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 64] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 65] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 66] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 67] It is the cross section showing the manufacturing process of the memory cell of the 
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volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 68] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 69] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embodiment form of this invention. 

[Fig. 70] It is the cross section showing the manufacturing process of the memory cell of the 
volatile semiconductor memory concerning the 7th embci^liment form of this invention. 

[Fig. 71] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 72] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 8th embodiment form of this Invention. 

[Fig. 73] It is a cross section explaining an operation cff the nonvolatile semiconductor. memory 
concerning the 8th embodiment form of this invention. 

[Fig. 74] It is the cross section showing the manufacturing process of the memory cell of . the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 75] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 76] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 77] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 78] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 79] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 80] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 81] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 82] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 8th embodiment form of this invention. 

[Fig. 83] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 84] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 85] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 
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[Fig. 86] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 87] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention.. 

[Fig. 88] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 89] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 9th embodiment form of this invention. 

[Fig. 90] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 91] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 10th embodiment form of this invention. 

[Fig. 92] It is a cross section explaining an operation of the nonvolatile semiconductor memory 
concerning the 1 0th embodiment form of this invention. 

[Fig. 93] |t is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 94] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 95] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 96] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 97] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 98] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 99] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 100] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 101] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 10th embodiment form of this invention. 

[Fig. 102] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 11th embodiment form of this invention. 

[Fig. 103] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 11th embodiment form of this invention. 

[Fig. 104] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1 1 th embodiment form of this invention. 
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[Fig. 105] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 11th embodiment form of this invention. 

[Fig. 106] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1 1th embodiment form of this invention. 

[Fig. 107] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 11th embodiment form of this invention. 

[Fig. 108] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 1 1th embodiment form of this invention. 

[Fig. 109] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 110] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this inventiori. 

[Fig. Ill] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 112] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 113] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention, 

[Fig. 114] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention, 

[Fig. 115] It is the cross section showing the manu^cturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 116] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 117] It is the cross section showing the manufacturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 118] It is the cross section showing the manu^cturing process of the memory cell of the 
nonvolatile semiconductor memory concerning the 12th embodiment form of this invention. 

[Fig. 119] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 13th embodiment form of this invention. 

[Fig. 120] It is a cross section explaining the operation of the nonvolatile semiconductor memory 
concerning the 13th embodiment form of this Invention which consisted of an n type MOS 
transistor. 

[Fig. 121] It is a cross section explaining the operation of the nonvolatile semiconductor memory 
concerning the 13th embodiment form of this invention which consisted of an n type MOS 
transistor. 

[Fig. 122] It is a cross section explaining the operation of the nonvolatile semiconductor memory 
concerning the 13th embodiment form of this Invention which consisted of a p type MOS 
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transistor. 



[Fig. 123] It is a cross section explaining the operation of the nonvolatile semiconductor nnemory 
concerning the 13th embodiment form of this invention which consisted of a p type MOS 
transistor. 

[Fig. 124] It is the cross section showing the structure of the MOS transistor which has the same 
gate structure as the memory cell of the nonvolatile semiconductor memory concerning the 13th 
embodiment form of this invention. 

[Fig. 125] It is the cross section showing the memory cell structure of the nonvolatile 
semiconductor memory concerning the 14th embodiment form of this invention. 

[Fig, 126] It is the cross section showing the structure of the MOS transistor which has the same 
gate structure as the memory cell of the nonvolatile semiconductor memory concerning the 14th 
embodiment form of this invention. 

[Description of Notations] 

1 P Type Semiconductor Substrate 

2 Gate Insulator Layer 

3 Gate Electrode (1st Gate Electrode) 

4 Charge Accumulation Layer 

5 1st Oxide Film 

6 Nitride 

7 2nd Oxide Filrii 

8 2nd Gate Electrode 

9 Sidewall Spacer 

10 N-Type Diffusion Layer 

1 1 N+ Type Diffusion Layer 

12 Electric Conduction Layer 

13 1st Gate Insulator Layer 

14 2nd Gate Insulator Layer 

15 3rd Gate Insulator Layer 

1 6 Oxide Film 

17 Space for Charge Accumulation Layer Formation 

18 Silicon Nitride 

19 N-type-Semiconductor Substrate 

20 P- Type Diffusion Layer 

21 P+ Type Diffusion Layer 

22, 27 Photoresist (photoresist pattern) 

23 Tunnel Insulator Layer 

24 4th Gate Insulator Layer 

25 Channel Field 

26 Level Difference 

28 Polycrystal Silicon Layer 
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